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The isolation of a diphtheroid bacillus possessed of unusual 
morphologic and biologic characteristics not only prompted me 
to make an intensive study of this strain but also directed my 
attention to a fundamental consideration of the entire group of 
diphtheroids, having as an object their systematic arrangement 
into sub-groups. I examined over a hundred strains of these 
organisms from different sources, some isolated by myself and 
others obtained from bacteriologists in this country and abroad, 
representing most of the peculiar types which have been noted 
in the literature in recent years; and by excluding those forms 
which were apparently alike I finally selected forty-five repre- 
sentative strains which form the basis of the present inquiry. 

As the principal criteria for this classification I have made 
use of the complement-fixation and sugar fermentation tests; 
nevertheless I have simultaneously studied the morphologic 
and other cultural characters of the strains and insofar as possible 
correlated them with the immunological and fermentative 
reactions. 

In addition to the classification of the diphtheroid group this 
study has opened up another problem of codrdinate importance, 
viz., a hitherto unsuspected group-relationship between the 
diphtheria group as a whole and the streptococci, which is ex- 
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emplified in the unusual strain of diphtheroid bacillus to which 
I have already referred. 

The length of the study necessitates its division into three 
parts, the first of which occupies itself mainly with the strain 
in question and its relation to the streptococci while the second 
division deals with the cultural relations and the classification 
of the sub-types of the diphtheria group itself, and the third 
with immunologic data. 


SOURCE OF THE CULTURE AND CASE HISTORY 


On January 24, 1915, a farmer, Mr. J., aged 23, entered the 
University Homeopathic Hospital, Ann Arbor, Michigan. He 
complained of a chronic cough which was quite persistent, and 
had gradually lost weight for the past year. His previous his- 
tory was uneventful. Nothing of significance in his occupation 
could be obtained except that he was occasionally engaged in 
threshing beans, which is very dusty work. There was no 
family history of tuberculosis. Physical examination showed 
increased dullness, voice sounds and fremitus over the entire 
chest. X-ray examination showed a tumorous mass in the 
mediastinal space opposite the bronchial bifurcation. The Was- 
sermann and Von Pirquet tests were negative. Repeated sputum 
examinations were negative. Lung punctures revealed the pres- 
ence of the diphtheroid bacillus described below. The patient’s 
serum agglutinated the diphtheroid bacillus in dilution of 1-80, 
as against 1-15 for a mixture of 4 normal sera. The serum 
fixed complement in amounts of 0.1 cc. as against 0.35 cc. for 
a mixture of 4 normal sera. 

On February 15, the patient suddenly developed cyanosis 
without apparent cause. His condition gradually grew worse 
until he died four hours after the cyanosis began. The most 
noteworthy changes occurred in the lungs and heart. The 
former were not collapsed. They were of a slaty-grey color 
and adherent to the chest wall in places. On section their re- 
sistance to the passage of the knife was greatly increased, and 
from the moist cut surface a considerable quantity of a frothy, 
bloody, thin fluid could be expressed. The cut surface had a 
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red to reddish-brown color interspersed with grey patches which 
gave it a mottled appearance. Peppered through the patches 
at regular intervals were very small, pin point masses of a yel- 
lowish white caseous material, which was quite adherent to its 
matrix. This condition was fairly diffuse throughout the lungs. 
The bronchial glands were greatly enlarged, and no doubt pro- 
duced the shadow on the X-ray plate at this point, while their 
pressure against the bronchi may have caused the chronic cough, 
although it is well known that any diffuse pulmonary fibrosis 
is liable to be attended by this symptom. 


PATHOLOGY OF LUNG OF CASE J 


The most conspicuous change in this lung was the wide spread 
fibrosis and infiltration of the alveolar walls. The latter change 
was mostly lymphocytic although there were some endothelial 
cells filled with blood pigment. There was marked chronic 
passive congestion with focal exudations of red cells. The alveo- 
lar spaces were filled with swollen, edematous cells which had 
sloughed from their walls, a few of which contained blood pigment. 

Both Van Gieson’s and Mallory’s connective tissue stains 
showed the fibrosis to be limited mainly to the alveolar walls, 
from which the respiratory epithelium had desquamated. The 
Gram-Weigert stain showed no fibrin, but did show colonies 
of diphtheroid bacilli scattered throughout the areas of fibrosis. 
Scattered at intervals throughout the fibrous tissue were clus- 
ters of round or oval bodies from 5 to 7 microns in diameter 
which were strongly Gram positive. Fuchsin was also tena- 
ciously retained by these structures. They were very probably 
the products of cellular degeneration known as Russell’s bodies. 


BACTERIOLOGY OF STRAIN | 


This strain was isolated February 1, 1915, from the case 
above mentioned which at first was suspected to be one of empy- 
ema or pleuritic effusion. It was seen that no fluid was in the 
pleural cavity, but the syringe when withdrawn contained a few 
drops of a turbid fluid which was transferred to a blood-agar 
slant. In six days a very fine, dew drop growth appeared which 
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on examination proved to be a pure culture of a diphtheria- 
like bacillus of the barred type. It measured approximately 
0.7 by 3 w and contained from 2 to 5 bars. It stained well 
in Loeffler’s stain and was strongly Gram-positive. The organ- 
ism was plated out several times on blood-agar to insure its purity 
and transplants were put in the ice-chest for future animal 
experimentation. 

Most of the virulence tests were done on animals in May, 
June and July, and several transplants of the organism, which 
had never been cultivated as a coccus were carried over until 
October, when further work could be done on them. Although 
the organism had been found in apparently pure culture and 
added precautions were taken in this regard by repeated plat- 
ings, it was deemed advisable to go still further, to be unequivo- 
cally sure that we were not dealing with a mixed culture. Such 
precautions were made necessary by the very extraordinary char- 
acter of the biologic reaction, viz., the production of lesions char- 
acteristic of streptococci of a moderate grade of virulence, but 
especially by the astonishing pleomorphism which permitted 
the organism under certain conditions to grow in long chains 
of diplococci. 

Accordingly six single colonies were removed from a tube 
whose antecedents had never shown any diplococci. Each of 
these six colonies was examined and then transplanted on plates 
and tubes to the eighth generation, with the idea that if the 
culture did contain a lurking coccus it would surely be left 
behind. Many of these cultures were first shaken with sand 
(so as surely to separate the organisms) and then plated out. 
Transplants were made from colonies of the pure bacillus. 

I was then able to take these eighth generations in which no 
diplococci had appeared since the original isolation, and by 
making use of an expedient which I shall describe presently 
was able in all six cases to produce from the bacilli, diplococci 
or diplo-streptococci. At least they took this form when stained 
with the simple dyes. The method which I used was as follows: 
a 1 per cent glucose-veal broth, plus 1.6 to phenolphthalein, with 
a few drops of sterile human or rabbit serum was used for a 
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medium. <A tube of this broth was planted and placed at 37°C, 
for twenty-four to thirty-six hours. By this time there was 
usually some flocculation in the bottom of the tube, indicating a 
slight growth. The tube was then placed at 25° to 30°C. for 
a few days. At the end of that time as much of the sediment 
as possible was removed to 25 to 30 ce. of the same kind of broth 
with a sterile pipette. In twenty-four to seventy-two hours 
one found the slightly floeculent growth replaced by a very luxu- 
riant, diffuse, finely granular growth, which almost invariably 
indicated that the form of the organism had undergone a strik- 
ing change from a barred bacillus to the coccoid or diplococcus 
form. Short chains also appeared. If the bacillus had not 
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entirely disintegrated at this time, further transplantation 
eventually completed the process. 

If one cares to examine the flask at four to six hour intervals 
one can trace the transition from the bacillus to the coecus. It 
will be seen first, that the chromatin which was distributed 
irregularly as granules or bars concentrates itself into two masses, 
and at the same time the body of the bacillus loses its border 
and becomes striated and indistinct. It stains very poorly. 
Seattered about the field are irregular masses of débris resembling 
shreds of mucus. At times this matter forms a peculiar reticulum 
at whose nodal points will be one or more granules of chromatin. 


At this time the culture is of a nebulous conglomerate character. 
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As the culture increases in age the nebulous character gives 
way to a finely diffuse turbidity while a stringy sediment falls 
to the bottom of the tube. This sediment is the residue of the 
disintegrated bacillus, the ‘‘shed skin,” as it were, while the live 
organism is suspended for the most part in the supernatant fluid. 
At this time the supernatant fluid will contain bipolar bacilli 
with large granules. Their length will vary as will the size of 
the granules. A definite, faintly staining bond can be seen 
uniting the two masses of chromatin. In transplants these 
masses approach each other until the figure cannot be told from 
a diplocoecus, and, what is also of note, these transplants do not 
contain the débris referred to above. This only appears in the 
disintegrating stage of the bacillus. 

During this metamorphosis a great variety of forms may ap- 
pear, depending on many factors which one scarcely under- 
stands and cannot control. The above picture I have produced 
with great regularity with many different strains. I cannot 
produce at will the peculiar reticulated structure, nor can I say 
with certainty whether the diplococci will be grouped finally 
like gonococci, staphylococci or streptococci. I have been able 
with one batch of broth to which I had added a small amount of 
potassium bichromate solution, to cause these diplococci to 
grow in long chains, the individual elements of which stained 
very irregularly by Gram’s or Loeffler’s methods. With other 
broth, the same bichromate solution would either fail to do this or 
might develop bacillary forms from the diplococci. 

These various changes in form are to be interpreted as _ re- 
sponses of a sensitive organism to a medium of varying chemical 
constitution. As no two batches of media are precisely alike 
it ean readily be seen that no formula could be laid down for 
the production of the various forms. However, these changes 
ean be brought about by any one who will take a given medium 
and modify it in various ways until he accomplishes his purpose. 
But there are too many chemical factors in media that cannot 
he held constant for one to attempt to formulate these changes 
in terms of the physical and chemical constitution of the medium. 
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We are just beginning to know how to obtain something like 
a constant reaction in a medium by the method of hydrogen 
ion concentration. 

Much more uncertain and more taatalizing is the conversion 
of the diplococcus form to the barred, bacillary type. This 
has been accomplished in various ways. First by an aerobic 
growth on a partly desiccated blood-agar medium, and second 
by growth on media containing varying amounts of acid. The 
change has taken place when the acid concentration has been 
sufficient almost to prevent growth. Likewise an excess of 
alkali has also brought about the morphological transformation. 
These methods may be combined. Simple as these procedures 
sound I had worked with this organism for nearly a year before 
I caused it to regain its barred and granular forms, when once 
it had assumed the streptococcus form. Such transformations 
were controlled by mmune serum. But here again I know too 
little about the various factors at play to formulate a method 
for bringing about this pleomorphism. Anyone repeating this 
particular procedure must at least be prepared for an exercise 
of all his patience. I have succeeded in causing the coccoid 
bodies of B. Hodgkinii to regain their bacillary form in one trans- 
plant to Loeffler’s blood serum. This has also been done by 
Steele (1914) and others. This procedure was entirely inade- 
quate when applied to strain 1. 

Unless great care is used in handling the recently recovered 
bacillary form, it will almost immediately revert to the diplo- 
coccus form when transplanted even to solid media. In this 
connection I was able to make use of a “relatively acid-fast pro- 
cedure” (mentioned below) as a demonstration of early change in 
the bacterial form. I planted a pure culture of the bacillus 
on blood-agar and developed a grey, moist growth of moderate 
intensity after twelve hours. Touching the wire very lightly 
to the surface of the growth and transferring quickly to a cover 
glass and smearing but once, | disturbed but slightly the orienta- 
tions of the individual bacilli in the tube. I then stained in 
earbol-fuchsin and decolorized in a very weak acid-aleohol 
solution, (1 per cent HCI in 20 per cent ethyl alcohol) washed in 
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tap water and counter stained in a weak Loeffler’s methylene- 
blue. It will be seen that this strain in the bacillary form 
stains strongly acid-fast by this method; but the diplococcus 
form will not hold the carbol-fuchsin under these conditions. 

The stained slide showed predominately an intermediate form 
between the diphtheroid and a coecus although other forms 
were present. The chromatin bars have formed into two masses 
(early diplocoeci) which are roughly wedged shaped resembling 
B. Hoffmanii. The body of the bacillus has ‘“‘sloughed off”? and 
forms a red staining matrix in which the blue coceoids lie. It 
is also interesting that quadrants or halves of these otherwise 
blue wedges will stain a bright red which is really a part of the 
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matrix and indicates an imperfect formation of the cocci. The 
more isolated forms have a narrow, red staining, ragged, irregu- 
lar rim about them which is nothing but the protoplasmic remains. 

When stained by Gram somewhat the same picture is seen. 
The diploeoccus is Gram-positive and thin while Gram-negative 
strands can be seen extending between the two halves of the 
organism. Small, Gram-negative spicules project from the 
bodies of some of the cocci which are merely the remains of the 
partly disintegrated protoplasm. 

The organism is non-motile and does not form spores. Cap- 
sules have been demonstrated in the bodies of animals. It is a 























REPS gs RLY 1 cea 











DIPHTHEROID GROUP OF ORGANISMS 89 


facultative anaerobe. It has the intense viability characteristic 
of the whole group, and in this respect more than in any other 
can this strain be said to differ from the streptococci. It 
is extremely resistant to desiccation and to the addition of 
antiseptic substances to the medium. Its thermal death point 
is 58° to 60°C. in three minutes. It grows at room temperature 
under favorable conditions, and long exposure to sun light does 
not kill it. 

It does not liquefy gelatin but the growth in this medium is 
very good. The bacillary form of the organism has fastidious 
cultural characteristics, while the diplococcoid form is very 
adaptable. Animal fluids with the exception of ascitic fluid 
facilitate its growth. In this medium multiplication is quite 
slow. The bacillary form is well preserved in ascitic-broth 
with a marked tendency to form branching and fusing involu- 
tion forms. All media give better results with the addition of 
1 per cent glucose. The amount of acid formed in glucose 
broth is not sufficient to kill the organism after seven toten days 
at 37°C. This is not usually true with the streptococci. In 
common with the other members of the diphtheroid group this 
organism attacks the protein of the medium after the avail- 
able sugar has been fermented, giving rise then to an alkaline 
reaction. 

On blood-agar slants the bacillary form develops very fine 
transparent colonies in from twenty-four to forty-eight hours, 
after which they become translucent or grey. In case the slant 
is kept moist by turning the condensation water over it, the colo- 
nies often become opaque and increase greatly in size. Micro- 
scopic examination at this time reveals nothing but cocci and 
coccoids. A luxuriant, coalescing, moist growth on any medium 
is always an indication of cocci and coccoids, while a granular 
discrete translucent or transparent growth is characteristic of 
the bacillary forms. 

In glucose-broth the bacillus forms a sparse granular growth 
which settles to the bottom of the tube or clings to its walls. 
It may become flocculent or nebulous in character depending 
largely on the presence of serum in the medium. If the 
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supernatant becomes diffusely turbid, it is indicative of the 
formation of coccoids and cocci. The organism grows well in 
litmus milk, reddening the litmus in twenty-four hours and pro- 
ducing marked coagulation in from forty-eight to seventy-two 
hours. No gas is formed. It grows fairly well at room tem- 
perature. No indol is produced and only a trace of nitrites. 
No growth occurs on potato. Glycerin, glucose, lactose, mal- 
tose, sucrose, dextrin, inulin and salicin are fermented with 
acid but no gas formation. 


TOXIN FORMATION 


The following charted curves are suggestive of the action of 
a soluble toxin. 

Chart I shows the weight and temperature curves of rabbit 3. 
On the vertical axis is registered the weight of the animal in 
grams, the curve of which is represented by a solid line. The 
lower part of this axis also registers the temperature in degrees 
Fahrenheit, the curve of which is represented by a broken line. 
The horizontal axis registers the dates on which readings were 
made while the injections are shown at z and rz. 

Chart II reproduces the essential parts of the protocol of rab- 
bit 4. These experiments were undertaken with the view to de- 
termining the ability of the organism studied to yield a soluble 
toxin. The luxuriantly growing diplococcus form of the bacillus 
was planted in 1 per cent glucose-broth for twenty-four hours, 
after which it was filtered through a Berkefeld W filter and tested 
for its sterility. The sterile filtrate was then sealed and placed 
in the iee-chest. 

On October 20 and 23, and November 4, rabbit 3 received 
1 ec. of this filtrate and on December 14, it received intraven- 
ously 5 ec. of a very heavy emulsion of a twenty-four hour 
growth on an agar slant. It is seen that the animal show an 
immediate response to the filtrate injection by a sudden and 
progressive loss in weight which remains constant the first 
time at 1435 grams. Another injection at this point not only 
fails to decrease the weight further, but does not prevent it 
from returning to its former level. Since the interval between 
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the second and third injection is quite appreciable this may be 


accounted for on an immunity basis. 


It may also be accounted 


for on the theory of the degeneration of the toxin to toxoid as the 
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Cuart II. 


result of standing in the ice-chest. 


Rassit 4 (Contro.t To Rassit 3) 


It is interesting that the 


injection intravenously of an enormous dose of the live culture 
in an animal thus protected caused only a transient loss in weight. 
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Although the culture had lost some of its virulence at this time, 
parallel injections of such large doses in normal animals were al- 
ways attended with serious results. It is quite noteworthy that 
at no time did the temperature curve rise above normal. It 
varied between 102°F. and 103°F. irrespective of the injections. 
This experiment gives suggestive evidence of the mild toxicity and 
corresponding protecting action of the germ-free broth filtrate. 

On November 4, rabbit 4 was given an intraperitoneal in- 
jection of the identical filtrate received by rabbit 3 which 
had stood inthe ice-chest since October 20, 1915. This experi- 
ment with a very small rabbit was undertaken for the purpose 
of determining whether the toxin had degenerated, and if so. 
whether the toxoid also had protective action. It will be seen 
by the curve that the animal continued to gain weight gradually, 
the same as did rabbit 3, after the synchronous injection, all 
of which is evidence of the degeneration of the substance present 
in the fresh filtrates. An intravenous injection of 1 cc. of a 
heavy suspension of a twenty-four hour agar culture produced 
about the same effect as in rabbit 3. The fact that the weight 
loss was very transient and no temperature rise was produced, 
offers additional evidence for the above hypothesis. Rabbit 5 
of the same weight as rabbit 3 was treated in the same way 
and gave the same results, so its curve will not be shown. 

In looking over the protocols of a large number of rabbits 
injected intravenously, I find that they always develop a 
rise in temperature when the live culture is given. This rise 
averages about 2.5° to 3° above the mean temperature of the 
rabbit used. 

I wish in this connection to insert a very interesting protocol 
of an animal which had received several injections of heat killed 
salt suspensions of this strain for immunization purposes. It had 
developed no agglutinin in the serum following any of these 
injections but a week after an injection of the live organisms 
the titre was about 1-200. 

The injections in doses of 1, 1, 1.5 and 3 cc. were given on 
October 16, 23, and November 9 and 15 respectively. The 
weight was markedly affected, as with the germ-free filtrate, 
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while the temperature remained constant. On December 1, 
the rabbit received intravenously 3 cc. of a heavy suspension 
of a twenty-four live agar culture. The weight remained con- 
stant, while there was a sharp temperature rise, just as in un- 
treated animals. This experiment forms a very convincing 
control on the temperature criterion and serves to illustrate the 
idea that the killed organisms apparently protect against the 
cachexia, although permitting a temperature rise with live or- 
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Cuart Ill. Rassir 1 


ganisms, while previous injections of the toxic filtrate prevent 
both the cachexia and the rise of temperature. 

Attempts were made to develop active protective power by 
use of the germ-free filtrate. The following charted protocols 
are typical of the results obtained. 

The double zz indicates an injection intravenously of live 
organisms while the single x indicates filtrates. 

Rabbit 6 (Chart V) received subcutaneously 1.5 cc. of a week old 
toxic filtrate on November 13, 1915. On November 16 and 19, it 
received intraperitoneally 2.5 and 4 cc. respectively, on Novem- 
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ber 18, 1915, 2 cc. intravenously. After one of these injections 
only, was any reaction shown. On November 16, within two 
minutes following the injection the rabbit developed a mild 
clonic convulsion interrupted by short periods (five to ten seconds) 
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Cuart IV. Rassit 7 
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Cuart V. Rassit 6 (Contrrot to Rassirt 7) 


in which the fore- and hindlegs were extended to their limit. 
Reflexes were much increased. When the skin was touched 
the animal developed a generalized tremor. Involuntary evacua- 
tion of urine and feces occurred. The paroxysm lasted from 
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three to five minutes, after which the animal seemed normal 
except for a generalized muscle fibrillation. The temperature was 
subnormal (100°F.) for thirty minutes after the injection. 

On December 4, 11, 15, 23, and January 7, the animal received 
respectively 1.5 cc., 1.75 ec., 2 ec. and 3 cc. intravenously of a 
salt suspension of a twenty-four hour culture on agar. The loss 
in weight was progressive for the first two weeks while the ani- 
mal received the filtrate. Its weight was then held well until 
after the third injection which forced it slightly below normal, 
but after the fourth injection the drop was quite marked. It 
is again noteworthy that there was no temperature rise at any 
time which is but a repetition of the experiment with rabbit 4. 
This curve shows how the filtrate protects against the cachexia 
but this protection is limited, since multiple injections of the 
live organism ultimately break down whatever immunity has 
been formed. This experiment also serves as a control to rabbit 7. 

On November 13, 1915, rabbit 7 (Chart IV) received intraperi- 
toneally a mixture of 1.5 cc. filtrate plus 0.5 cc. of the antiserum of 
rabbit 3. On November 16, 1915, it received 2.5 cc. filtrate plus 
1 cc. serum of rabbit 3 (intraperitoneally). No paroxysm nor 
subnormal temperature followed this injection as in rabbit 6. 
As the curve shows, the animal gained weight rapidly and consist- 
ently during the next three weeks. On December 7, 11, 15, and 23 
it received intravenously 1.25 cc., 1.5 ec., 2 ec., and 2.5 ce. 
respectively of a live salt suspension of a twenty-four hour 
agar slant culture. In contradistinction to No. 6 every injection 
was followed by a rise in temperature of 2 to 2.5°. Likewise 
there was a rapid and progressive diminution in weight. When 
the injections were stopped the weight was gradually restored 
and the temperature soon receded. This animal which was 
given a neutralized toxin (or toxoid) showed the same reactions 
as an untreated animal except perhaps that its weight recovery 
after cessation of the injections was more prompt. 

Further experiments of similar nature were undertaken to 
find out if possible the nature of the toxic substance in the fil- 
trate. Unfortunately the bacillus which by this time had been 
subcultured through many generations had not only undergone 
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a perceptible diminution in virulence but had completely lost 
the power of producing a toxic filtrate, at least when ordinary 
doses of it were injected. Attempts were made to recover its 
toxic production by employing the most favorable means for 
the development of true diphtheria toxin. A rich veal broth 
with 0.1 glucose was placed in flasks affording the best aerobic 
conditions. This was incubated one week and filtered, but the 
results were negative. 

When the toxic substance was present in the filtrate, it was 
found that heating to 85°C. for one-half hour rendered it harm- 
less, i.e., no weight loss followed its injection. The effect of 
heating was the same as that which took place spontaneously 
when standing in the ice-chest. 

To reiterate: This strain produced in broth cultures after 
twenty-four to forty-eight hours growth a soluble poison which 
resembled in many ways a true toxin. It did not react vigor- 
ously as most true toxins do. It was altered rather rapidly in 
the ice-chest and was destroyed by heat. Intraperitoneal in- 
jection of both the fresh product and the toxoid conferred a pro- 
tective power against its characteristic effects. An injection 
of the serum of a treated animal when mixed with the toxic 
filtrate was attended by no symptoms. The organism lost this 
power of producing a poisonous filtrate after eight months of 
cultivation on artificial media. The toxin differed materially 
from true diphtheria toxin in the fact that toxin-antitoxin mix- 
tures failed to protect. 

In this connection the observation of Thiercelin on the enter- 
ococcus is very interesting. This organism is one of the most 
pleomorphic known and has a very remarkable cultural and 
biological similarity to the strain which I have described. The 
following quotation from Besson (1913) is noteworthy. 


The saprophytic enterococcus though incapable of infecting the 
rabbit will nevertheless often kill the animal by toxemia. Following 
an injection of culture the animal sickens and becomes cachextic, 
develops paralytic symptoms and dies on an average in a fortnight 
to twenty-five days. Subcutaneous inoculation of a culture of the 
saprophyte filtered through a Chamberlain bougie leads to the death 
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of the rabbit from cachexia. (Thierceln and Jouhaud): The same 
result has been obtained with cultures which have been sterilized by 
boiling for thirty minutes or by heating to 110°C. for fifteen minutes. 


Biologically this toxic product resembles very closely what 
Ehrlich describes as the toxon of the Klebs-Loeffler broth fil- 
trates. He says (Zinsser 1908) that 


These toxons which he regards as primary secretion products of the 
bacilli, possess a haptophore group identical with that of the toxin 
but have a different toxophore group. For there is reason to believe 
that the toxon, lacking the power of causing acute death, gives rise 
to slow emaciation and paralysis finally killing after a subacute or 
chronic course. 


On account of the close relationship of strain 1 to the streptococ- 
cus group, the production of similar substances in filtrates is 
interesting. Roger (Besson 1913) grew a streptococcus anaero- 
bically in meat broth at 30°C. for five days, and obtained a germ- 
free filtrate product which caused cachexia and wasting and finally 
death of the animal. Injection of the unheated culture in sub- 


lethal doses predisposed the animal to infection with the homo!- 
ogous strain; but after heating to 104°C. the culture had some 
protective value. He concludes that there is a thermostabile 
substance present as well as a destructive thermolabile sub- 
stance. This resembles somewhat the action of the enterococcus 
filtrate. 


PATHOLOGIC ANALYSIS 


Reference to table 1 shows several! important facts. First, 
that certain organs are affected to the exclusion of others, ir- 
respective of the dose employed; second, a general progressive 
diminution in the virulence of the organism; third, that without 
regard to whether the bacillus, diplococcus, coccoids or mixed 
forms are injected the lesions are the same; and fourth, that 
even though the pure bacillus may be injected, yet from some 
organs the diplococcus form will be the predominating variety 
recovered. Although as I shall show later on, this phenomenon 
is an example of extreme pleomorphism, nevertheless the relation 
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to the streptococcus group suggested by this radical morphologi- 
cal departure is entirely vindicated by the pathologic and im- 
munologic results produced. 

The organism has almost a codrdinate predilection for the 
gall bladder and joints, although when the virulence is much 
attenuated the joints seem to be no longer affected (rabbit 2). 
The skeletal muscles are next most prominently affected while 
acute nephritis and congestion are inconstant. The lesion in 
the gall bladder is that of acute catarrhal cholecystitis. In 
the joints there is an acute suppurative arthritis. The muscles 
show acute degenerative myositis, infarction and calcification. 
The latter is the most prominent change. The lymphocytic 
infiltrative change is not marked. The predominating renal 
change is severe cortical congestion with some acute parenchy- 
matous nephritis. In one animal there were two small medul- 
lary abscesses produced. In the abdomen of animal 43 there 
was noticed a clot of blood about 6 mm. in diameter. Sections 
showed that most of the blood was peripheral while in the cen- 
ter was lymphatic and pancreatic tissue. In this area were 


found endothelial-celled thromboses in the small lymphatics 
and in the veins. The extravasation was also marked around 
these vessels. 





"| Urezz8 JO 4eYy A[Zu0.4s sozepNUNs YOryA JO UOTZOB 9Y} 8N29000;de1}8 SMa] OY} JO ‘00 G°] ‘g ouNL UO peArooel peUTUY sIyy f 


“ULIO} Ase] poeqg ey} jo Ai@A0901 Se}BOIPU! q 19330] OY} pus ‘gn900003da138 8} SUBST 8 19340] 


0 0}; oO 0 
uolyepnxe 

|. | guepnand | 

asngi | 0| -uoN! 0 


uor}sedU0o 


0 10 | q9++ 
so++4+4 
98+ + 
so++ 
so+++4 
oq++ 


s++ 








0 


| 
| qo++ 


qo++ 
S+++4 
8+++ 
8+++ 
8+++ 
so+++ 
sq+++ 


4s 
ttt 


‘pe UuLlojoro[yo SUM [Beuirue eq} pe }Borpul @sIMIoY}O sSse[U)) , 


0 


0 

0 

uo 
-s93U0,) 


+ 


a+ 


0 | 


pveqd 


0 | € ‘99d 


0 jog eunr 

0 ie] Ajne 
| 

0 Ol eunr 

geune 

0| ped 

0z ABW 
peg 


tz Avy 


02 Avy 


zeune 


| O8 


| 

|; ¢¢ 

|jUsUIIpEg 
0 08 


| 
| 


19909 | SI “LI “SI “Geq 


T9007) 
SPp109000 pus 
19909 pax! 
TIP *a 
[9eq pus 
19909 pexIyy 


19909 
sq pus 
9009 =PpextW 
THPeq 
pereq ong 
Toeq 
pe1eq eng 
prose} 
-ydip jo uL10y 
snov000]dIqI 


"UBZIO YYY WoL 
PeVAOIII SBM SNI[IOBG OY} JO ULIOJ SNOVOVO|dIP OY} 4VY}) SUBOUT YUBUIBA[OAUI UBAIO Buryworpur + 8 Furmopjos 9 19930, ey] } 


T ‘99d 
‘Po 


‘92 ‘OI 
I ‘IT oun 

9 ‘¢ Ajne 

8 ‘9 ‘g ounr 
g ‘9 ‘¢ oune 
OT ‘Gt Avy 
z ‘br Avy 

OI ‘ST ‘I Avy 


If ‘82 ‘Sz 
‘12 ‘br Avy 
































~ABdOLOV 





NI GNOIG@T 





aoveoa 
TVLOL 








VIugLovad 40 KHOd 





NOLLOEINI 40 GLVG 


6F 








[ 9809 wosf paypjost | uw.js fo uoyselur snousavsjur fig peonposd suoyrpuod poobojoyj9g 


1 aTaVL 





RALPH R. MELLON 


DETAILS OF EXPERIMENTAL PATHOLOGY 
Rabbit 40 


The organism with which this animal was injected had grown for 
some weeks on blood-agar following a determination of its purity. 
It had been converted into a diplococcus after a method described 
on page 84. All the injected diplococci were prepared in this way. 

On May 14, 1915; May 21, 25, 28, and 31, this animal received 1.5 
cc. of a glucose serum broth culture of these diplococci, making in all 
7.5 ce. The reaction of the broth used was +0.15 to 0.2 to phenol- 
phthalein. A few drops of serum were put in a tube to enrich the 
medium. In this time the animal lost weight falling from 1525 grams 
to 990 grams. Temperature rose 2°. Animal chloroformed June 2, 
and autopsied immediately. 

Protocol. Small amount of cloudy peritoneal fluid. Kidneys and 
liver show severe congestion. Lungs and heart negative. Free clots 
and fluid in pleural cavity. Congestion and enlargement of lymphatic 
glands throughout. Suppurative arthritis. Gall bladder filled with 
turbid hemorrhagic fluid. 

Smear. Heart blood: leucocytosis and lymphocytosis. Diplococci 
with moderate phagocytosis. Liver same. Spleen: few polymorphs 
but many splenocytes and lymphocytes. Small amount of phagocy- 
tosis noticeable. Kidney: only an occasional polymorph showing in- 
gested organisms. Peritoneal fluid: many polymorphs with marked 
phagocytosis. Joints: same. Cultures from all the above -organs 
(except the mesenteric glands) showed diplococci or streptococci. 


Rablit 46 


On May 14, 15, 16, it received 2, 2.5, and 3.5 ec. of thick NaCl sus- 
pension from a blood-agar slant intravenously. Etherized May 20. 
Positive changes were as follows: gall bladder reddened and distended. 
Contains turbid hemorrhagic bile. Joints had viscid exudate, kidney 
showed marked congestion. Intercostal and abdominal muscles 
showed diffuse patches of myositis. These areas were whitened and 
translucent or opaque. From these areas were isolated pure barred 
bacilli while the joints and bile contained streptococci and the kidney 
diplococci. Cultures in broth were all positive. 
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Rabbit 47 


On both May 14 and 21, the animal received 5 cc. of NaCl suspen- 
sion of bacilli intravenously. The results were the same as in rabbit 46. 


Rabbit 48 


On May 15 and 16, the animal received intravenously 5 and 10 cc. 
of glucose-serum-broth culture of diplococci and bacilli mixed. The 
lesions produced were exactly the same as in rabbit 47 except two or 
three small hemorrhages in the gastric mucosa. The gall bladder con- 
tained long chains of streptococci and clumps of bacilli. 


Rabbit 41 


On June 5, 6, and 8, the animal received 5 cc., 5 cc., and 1 cc. re- 
spectively of serum-broth-culture of diplococci intravenously. On 
June 8, the injection consisted of genuine streptococci. Found dead 
in the cage on June 9. Autopsy immediately. No rigor. General 
lymphadenitis with regional congestion of efferent vessels. Two small 
hemorrhagic spots over right lower thorax. Many eecchymoses, es- 


pecially on thorax. Extravasation in loose subcutaneous tissue over 
lower thoracic and lumbar vertebrae. Extended to muscular aponeu- 
rosis. Heart and various organs yielded cultures of cocci in pure 
culture or mixed with a short barred diphtheroid. Gall bladder, joints, 
skeletal muscles and kidneys all involved while stomach showed 
four pin-point hemorrhages. 


Rabbit 43 


On July 5 and 6, this animal received intravenously 2 and 2.5 ce. 
respectively of bacilli grown in glucose-broth. Was very stupid on 
July 8, 1915. Seemed to have a general tremor. Temperature was 
41°C. From July 5 to July 15, it lost weight from 1390 to 940 grams. 
Temperature did not go above 41°C. 

Protocol. Skin and superficial lymphatics negative. Small areas 
of myositis in brachialis, latissimus dorsi, and intercostal muscles. 
Liver congested. Kidneys seem enlarged. Cortex was congested 
while on one of the collecting pyramids were seen two small abscesses 
about 2 to 4 micra in diameter. Organ as a whole rather pale. Dif- 
fuse congestion of stomach near pylorus; no hemorrhage. Bile ex- 
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tremely viscid and contained fine floccules. Heart and lungs negative. 
Joints contained thick viscid exudate. 

Smears of the joints showed a marked acute purulent synovitis. 
The exudate contained many agglomerations of coccoids and diplo- 
cocci imbedded in a faintly or negative staining matrix; some short 
chained streptococci; encapsulated diploccoci. Bile contained many 
desquamated cells and an enormous number of very long chained strep- 
tococci which showed a most remarkable morphologic variation. A 
single chain contained lanceolate forms, diplococci, and rows of 
granules simulating the streptococcus form of the diphtheroid bacillus. 
There were present all gradations morphologically between a coccus 
and a bacillus (see Plate 2). 

A broth culture of the bile stained in Gram showed about the same 
picture except that the bacillary forms were wanting.. It is quite 
noteworthy that the chains, individually and collectively, showed all 
grades of reaction to the Gram stain. Many were Gram-positive, 
but at one or more points in the chain one could see the blue granules 
which made the entire chain resemble a thread of diphtheroid bacilli. 
Further subcultures developed diplo-streptococci with the Loeffler 
stain, but with Gram the irregular granular character persisted. 

Immediately below the stomach in the region of the pancreas was 


seen an irregularly shaped body about 6 mm. in diameter. It apparently 
was a blood clot. It was cultured and then put in fixing fluid. The 
most conspicuous pathological lesion found was an endothelial-celled 
thrombosis (Plate 1). It was interesting that the weight loss in most 
rabbits was marked while the temperature reaction was only moderate. 


Rabbits 42 and 45 


These rabbits showed no lesion which did not appear in the others 
and it is not worth while to give a detail of the protocol. 


Rabhit 2 


On October 16, and 26, this animal was given intravenous injec- 
tions of 0.05 and 1 ce. respectively of serum-broth cultures of diplo- 
cocci. It decreased in weight from 1000 grams to 915 grams on Octo- 
ber 27, and the temperature did not go above 103.5°F. From Novem- 
ber 1, the animal gained steadily in weight until December 1, when it 
weighed 1360 grams. It was then given one half of a blood-agar slant 
of diplococci (twenty-four hour culture) which killed it in twenty- 
four hours. 
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Postmortem. There was a diffuse redness of the subcutaneous tissue 
and a very severe acute nephritis. The medulla of the kidney was 
especially involved. Bile was also turbid, flocculent and hemorrhagic. 
The joints had a very small amount of nonpurulent exudate. The 
heart-blood and bile showed many diplococci by culture in glucose- 
broth but the joints were negative. It is rather noteworthy that this 
is the only instance in which the joints did not show a purulent exudate 
and result positively in the culture. 


Rablit 49 


This animal was given intravenous injections of the diplococci on 
February 15, 17, and 18, 1916 in doses of 2 cc., 3 ec., and 3 cc., respec- 
tively. There was only a weight loss of 250 grams in a 1500 gram 
rabbit after one week. By March 1, this was regained and the animal 
has been well ever since and on April 1, weighed 1800 grams. Evidently 
the culture had lost its virulence to a marked degree. This feature 
has been quite noticeable in the experiments. 


RESEMBLANCE TO STREPTOCOCCI 


This organism has apparently an elective affinity for the gall 


bladder, the joints, and skeletal muscles primarily, and for the kid- 
ney and stomach secondarily. It is noteworthy that this localiza- 
tion compares well with that of the vast majority of strains of 
streptococci of moderate or low virulence (Rosenow 1915 a). 
Since this organism is not only capable of taking on the form 
of the streptococcus and producing similar sugar reactions but 
also of causing almost identical lesions, it is highly probable 
that biochemically there is a relation between these two groups. 
Accordingly my immunization work (to be discussed later) had 
as one of its chief aims the detection of cross reactions between 
the diphtheroid and streptococcus groups. 


RELATION OF STRAIN 1 TO THE ENTEROCOCCUS 


I have already referred to the similarity of action between 
the filterable poisons of these two organisms. That there is a 
further general parallelism between them becomes very appar- 
ent on studying the original description given by Thierceln 
(1903) and Besson (1913) 
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The enterococcus is one of the most pleomorphic organisms 
known, and the detailed description of Thierceln (1903) gives 
most of the various forms which I have described. However 
he does not speak of its resemblance to the diphtheria bacilli. 
The cultural characteristics with the exception of the sugar reac- 
tions are practically identical. Besson speaks of its poor growth 
in milk and of the fact that it does not usually coagulate. Strain 
1 coagulated milk very decisively by fermenting lactose. The 
authors above mentioned make no further reference to sugar 
reactions either negatively or positively. Park and Williams 
(1910) speak of it as not fermenting sugars, nor producing indol 
or odor in the presence of sugar. 

It has produced in both man and animals multiple suppura- 
tive arthritis, pleuritis, post-typhoid suppuration, enteritis, 
hepatitis, meningitis and pseudo-lobar broncho-pneumonia. 
These features make it resemble a streptococcus closely. In- 
deed Eserich, Tavel, and Eguet have described encapsulated 
streptococci in the intestines of new born children and in 1894-7 
Besson described a “new encapsulated streptococcus” which 
he had isolated from two cases of post-typhoid suppura- 
tion. (Purulent pleurisy, multiple suppurative arthritis.) These 
organisms are identical with the enterococcus. Its wide dis- 
tribution and prolonged vitality are also points in common 
with strain 1. 


RELATION TO ERYTHEMA NODOSUM STRAIN 


Rosenow (1915 b) has described a diphtheroid which he has 
shown to be the cause of erythema nodosum that also bears 
a striking similarity to strain 1. He describes it as a Gram 
staining, polymorphic non-motile, non-spore-bearing bacillus 
producing small round colonies in glucose-agar, and small grey 
or yellowish, non-hemolyzing colonies on blood agar, and hav- 
ing a wide range of fermentative power. He says of his strain 
929: 


All gradations in form between straight and clubbed bacilli, some of 
which retained Gram’s stain while others did not, and Gram-positive 
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elongated diplococci, and perfectly round coccus forms were found 
in each of the ten colonies examined. The aerobic cultures of Loeffler’s- 
serum and blood-agar showed a predominance of coccus forms often 
in short chains in place of bacilli. 


On planting the same colony in different media he obtains 
bacillary forms from one culture and pure diplococcal forms 
from the other. Again 


In three cases it was quite impossible to decide whether the organism 
isolated should be regarded as a streptococcus with marked involution 
forms or as a diphtheroid bacillus with streptococcal forms. In no 
instance was there a mixed infection with a bacillus and a streptococcus. 
On cultivation in some of the media and on injection into animals, strep- 
tococeal forms were produced freely. 


SUMMARY 


Strain 1 of my series is representative of a sub-group of diph- 
theroids which has received scant recognition in the literature. 
Its pleomorphism is rivaled by that of the enterococcus 
to which it is closely related. The so-called B. Hodgkinii al- 
though very pleomorphic does not show the protean morphology 
of this strain. I feel that the evidence regarding its causal rela- 
tion with the unique pulmonary condition from which it was 
isolated is adequate. The fact that it was isolated from the 
lung in pure culture several weeks before the patient died, and 
that his serum gave positive agglutinin and complement-fixa- 
tion reactions is very suggestive. Demonstration of the bacillus 
in the colonies imbedded in the increased connective tissue of 
the alveolar walls, the lack of fibrin plugs, indicating pneumococ- 
cal infection, the absence of the tubercle bacillus or its tissue 
lesions, the lack of dust in sufficient amount to give rise to the 
condition, form with the serum reactions quite convincing evi- 
dence of causal relationship. 

Finally the pathogenicity of this organism for laboratory 
animals, and its close relation to the streptococcus group am- 
plifies the facts above given. Had the organism been injected 
into animals immediately after it was isolated, the chances for 
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developing pulmonary lesions would have been much greater, 
as Rosenow has convincingly shown in the case of the strepto- 
coccus (1915a). The very fact that it was ‘nothing but a 
diphtheroid’ relegated the culture to the ice-chest until a con- 
venient season arose for its testing. 

I have already described some of the cardinal characteristics 
of this strain in The Medical Record (Mellon, 1916) and have 
pointed out its probable relation to the streptococci. The ery- 
thema nodosum strain also belongs to this group as well as others 
in the series later described in this study. The immunological 
reactions, of both agglutinins and complement-fixing bodies 
are further evidence for the same contention. Not only mor- 
phologically and culturally, but biologically as well this strain 
has much in common with the streptococci; and a thorough 
study demonstrates that it represents a group of organisms 
standing in an intermediate position between the diphtheroid 
and the streptococcus groups. 


(To be continued) 


Note. After this paper had gone to press there appeared a 
description of a new type of a diphtheroid organism by Walker 
and Adkinson (1917) resembling closely the bacillus whose char- 
acters are depicted here. It appears that they had overlooked my 
original brief description of this organism (1916) and in a 
personal communication from Dr. Walker he expresses the 
opinion that the organisms are identical. 


EXPLANATION OF PLATES 


Piate 1 


1. Case J. Low power view of lung showing diffuse interstitial fibrosis and 
small round-celled infiltration. 

2. High power view of the same. 

3. High power of no. 1. Marked focal infiltration and fibrosis of alveolar wall. 

4. Desquamated edematous respiratory epithelium lying free in the alveolar 


space. 
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Pirate 2 


5. A colony of diphtheroid bacilli lying in the interstitial tissue of the lung. 
Gram stain. 

6. Smear from cholecystitis in rabbit 43 showing morphologically a streptococ- 
cus. The bacillary form of the organism was injected intravenously. 

7. Endothelial-celled venous thrombosis in a rabbit (43) caused by injection 
of strain number I, case J. 

8. Myositis in latissimus dorsi muscle of the same rabbit. Notice areas of 
calcification and early fibrosis with but slight infiltration. 











THE COLORIMETRIC DETERMINATION OF HYDRO- 
GEN ION CONCENTRATION AND ITS APPLI- 
CATIONS IN BACTERIOLOGY 


PART II 


WILLIAM MANSFIELD CLARK anp HERBERT A. LUBS 


From the Research Laboratories of the Dairy Division, Bureau of Animal Industry, 
United States Department of Agriculture, Washington, D. C. 


SECTION VIII. THEORY OF INDICATORS 


This is not a proper place for a detailed discussion of the 
theory of indicators." For adequate treatment of the mani- 
fold aspects of the subject the special literature must be con- 
sulted. In the papers of Noyes (1910) and Bjerrum (1915) 
will be found discussions and references to the literature bear- 
ing upon many of the theoretical aspects of the present dis- 
cussion. The treatment in these papers has been developed 
chiefly with reference to the theory of titration, and it may 
therefore be profitable to review very briefly a few of the more 
important principles involved in this other use of indicators 
in order that those not familiar with the subject may gain an 
orderly and concise view of the logic of the colorimetric method, 
and in order that certain methods of expressing ideas which 
we wish to emphasize in a later discussion may be clear. 

According to the theory of electrolytic dissociation an acid 
of the type HA dissociates as follows: 


+ ~ 
HA 2 H+A 


cation anion 





18 A detailed discussion is not necessary because the colorimetric method is 
to a very large extent a comparative method with hydrogen electrode measure- 
ments as the basis. Neither dissociation constants nor theories in regard to 
the nature or seat of color changes enter into the practical use of indicators in 
determining hydrogen ion concentrations. Plant pigments of unknown con 
stitution have been successfully used. 
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The equilibrium of this reversible reaction is expressed in ac- 
cordance with the mass law in equation (1). 


(H] x [A] _ 
[HA] 


K (1) 


Here [H] is the concentration of the hydrogen ions, [A] the 
concentration of the anions, [HA] the concentration of the un- 
dissociated residue, and K is a constant, which, although it 
depends upon the temperature and the nature of the solvent, 
is characteristic of a given compound under set conditions. 
K is termed the dissociation constant. If equation (1) is written 


in the following form, 
[A] _  K 


[HA] [H] 
it is readily seen that the ratio of the anions to the undisso- 
ciated residue is determined by the dissociation constant of 
the acid and by the hydrogen ion concentration of the solution. 
If now we represent the concentration of the total acid in what- 
ever form by S, then the concentration of the undissociated 
residue is S-[A]. Hence: 


Eee een eee 
S—{[A] [H] S K+[H] 
[A] 
S 
ratio may be represented by a when the equation becomes: 


wee 
K + [H]) 


is the ratio of the anions to totally available acid. This 


(2) 


Were we to plot a against [H] we should obtain a hyperbolic 
curve difficult to handle, but if, as Henderson (1908), Sdérensen 
(1912), Michaelis (1914) and others have done, we plot a 
against P,, we obtain the form of curve shown in figure 5. In 
this figure the abscissas are P,, values and the ordinates a values 
xpressed as percentage dissociation. The value of K (equation 

determines the position of each of the curves. When K 
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= |H] equation (2) reduces to a = }, or, in other words, when 
the P, is such that the corresponding hydrogen ion concentra- 
tion is numerically equal to the dissociation constant, the acid 
is half dissociated. 

It will be evident without developing separate equations that 
the curve showing the percentage of undissociated residue at 
each P, is the complement of that showing the percentage dis- 
sociation and has the form of the curve for methy] red in figure 5. 

In a similar way the equations and curves showing the per- 
centage dissociation of a base at different hydroxyl ion concen- 
trations may be developed. Such an equation is 

*” Ky + [OH] 
Since we wish to deal only with [H] we must obtain [OH] in 
(H] x [OH] 


(3) 











terms of |H]. ——~--———’ =k. Since [H.O] may be considered 
e of [H] [HO] ince [H.O] may be considere¢ 
a constant we may write the above equation [H] x [OH] = Ke 
K 
Whence [OH] = — 
(H] 
Substituting this in equation (3) we have 
my Ky = Ky x [H] 
a= —— or a=-— ——— 
7 iw K, X [H]+ K. 
K, + — 
(H] 
The undissociated residue is 1—a. Now 
K,/H] K, 
l-a=l1- = ) l-—a=- - 4) 
. 2 ea x Sm 


If we do not know whether we are dealing with an acid with 
dissociation constant K, ora base with dissociation constant 


r 


Kp, Ky may be related to Ka, as follows; Ky = K° If we sub- 
stitute this in equation (4) we obtain 
K, 
_ a => _ — 
(H)+ K, 
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The right hand side of equation (5) is identical with that of 
equation (2). In other words the curve for the undissociated 
residue of a base is identical with the curve for the dissociation 
of an acid when the acid and basic dissociation constants are 


w 


‘ K — , 
related as Ky = K In a similar way it may be shown that 


when these dissociation constants are thus related the curve 
for the dissociated portion of a base is identical with the curve 
for the undissociated residue of an acid. Thus we cannot tell 
by the form or the position of such curves as are shown in figure 
5 whether we are dealing with an acid or a base. We cannot 
tell by the conduct of methyl red for instance whether we are 
dealing with an acid with acid dissociation constant 1 x 10-* or 
—14 
witha base with basic dissociation constant =1x10-. 

For the decision we must turn to chemical evidence. 

Now let us assume, as Ostwald (1891) did, that indicators 
are acids or bases whose undissociated molecules have a differ- 
ent color from that of their dissociation products. It will then 
be readily seen that the percentage color of indicator solutions at 
different P, values may be shown by the curves in figure 5. If we 
consider for the sake of simplicity of treatment that phenol red 
is a simple acid of the type HA and that the undissociated HA 
group is yellow while A is red then we may represent the per- 
centage of the dominant red in solutions of this indicator at 
different P,, values by the dissociation curve shown in figure 5. 
The dominant red of methyl red we may represent by the curve 
marked ‘methyl red’’ and this may be either the curve of the 
undissociated residue of an acid or that of the dissociated por- 
tion of a base. 

In fixing the positions of these curves we have had to deter- 
mine K the apparent dissociation constant of each indicator. 
This was found by the following method. If, for example, we 
add ten drops of a phenol red solution to 10 cc. of a buffer solu- 
tion of such a P,, value that the indicator is half transformed, 
we may regard the equivalent of five drops as transformed to 
the red form and the equivalent of the other five drops as exist- 
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ing in the yellow form. We should then be able to duplicate 
the color of this mixture by superimposing 10 cc. of a very alka- 
line solution containing five drops of the indicator, which will 
be fully transformed into the red form, upon 10 ce. of an acid 
solution containing five drops of the yellow form. To gain 
equal depths of solutions through which to view the colors we 
may arrange them as follows. 








alkaline solu- known Px, 
tion (red) standard 

5 drops indi- 10 drops in- 
cator dicator 














acid solution 
(yellow) 

5 drops indi- 
cator 


water 




















Now the P,, of the upper right hand solution is varied until a 
color match with the above arrangement is observed. It is 
then assumed that the P, of the solution we have been varying 
causes a half transformation of the indicator. As has been 
shown on page 111 the corresponding [H] is equivalent to the 
dissociation constant of the indicator. 

This method was first used by Salm (1906). It will be recog- 
nized as a crude method in many respects, but it enables us to 
determine the dissociation constants with sufficient accuracy for 
the present purposes of illustration. The values so obtained 
are given in table 3. 

With the aid of the approximately determined apparent dis- 
sociation constants we are enabled to plot the curves shown in 
figure 5 which reveal graphically the relationships of the va- 
rious indicators in the series we shall discuss. This figure shows 
at a glance that an indicator of the simple type we have assumed 
has no appreciable dissociation and consequently exists in only 
one colored form at P, values beginning about 1.5 point below 
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TABLE 3 


Approximate apparent dissociation constants of indicators 








| 








INDICATOR K Py 
Phenol phthalein...... Cot eek ae Ss veeeeeel 2.0% 107 9.7* 
o-Cresol phthalein........... Pen eee ea eee vs | 4.0 x 107° 9.4 
Carvacrol sulfon phthalein...................... 1.0 X 10° 9.0 
Thymol sulfon phthalein........................ 1.2 X 10° 8.9 
e@-maphthol phthaleim............ccc ccc ccccccses. 4.0 X 10-° 8.4 
o-Cresol sulfon phthalein.......... peers eee 5.0 X 107° 8.3 
a-naphthol sulfon phthalein.......... reer oe 5.3 X 107° 8.2 
Phenol sulfon phthalein........................ 1.2 xX 10-* 7.9 
Dibromo thymol sulfon phthalein......... tat 1.0 X 10-7 7.0 
Dibromo o-cresol sulfon phthalein................} 5.0 X 107? 6.3 
SS oD ee ne SE ae ee ee 4.0 x 10~* 5.4 
RT il i aa aa is a ac Gad as 7.9 X 10-* 5.1f 
Tetrabromo phenol sulfon phthalein............. 7.9 X 10% 4.1 
Thymol sulfon phthalein (acid change)........... 2.0 X 10-7 1.7 











| 
| 
| 
| 


*This value is identical with Rosenstein’s (1912). 

tin the table published in the Journal of the Washington Academy, Vol. vi, 
p. 485, these values for methy] red and propy! red were erroneously interchanged. 

Tizard (1910) gives K, = 1.05 X 10- or Pg = 4.98 for methyl red considered 
as an acid. 


the half transformation point, while at the same distance above 
this point the indicator is completely dissociated and exists 
only in its second form. Between these limits the color changes 
may be observed. The useful range of such an indicator is far 
less than 3 points of P, and for the following reasons. In the 
high dilutions in which solubility limits and other considerations 
force us to.use indicators no distinct color change will be observed 
until a considerable degree of dissociation occurs. We must not 
only be able to detect the colors, we must also be able to distinguish 
the differences at adjacent P, values. In order that this may 
be accurately done the color intensities must be well beyond 
the “threshold” for the eye and the percentage increase in color 
in the indicator with change in P, must be large. In short, 
distinct intensities or differences in color must appear before 
they can be distinguished by the eye.’ On the other hand as 
the indicator reaches a higher degree of dissociation, each incre- 
ment becomes a smaller and smaller percentage of the whole 
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and the eye is unable to distinguish the differences amid the 
intense coloration. 

These and other factors limit the range over which any one 
indicator may be used. Accurate determination of the limits 
would be a research problem in itself. We have attempted, 
however, to show the approximate range of usefulness by means 
of the shaded portion of each of the curves. This will indicate 
that the limits assigned in the tables are not rigid but may be 
extended beyond the most useful range when necessary. 

The illustration (fig. 5) will show how in choosing a set of 
indicators it is advantageous to include a sufficient number, if 
reliable indicators can be found, so that their ranges overlap. 
It shows that each of the indicators, when considered to be of 
the simple type we have assumed, has an equal range. It also 
shows that the half transformation point of each indicator occurs 
nearer one end of the useful range. 

It is evident that if the actual color change of an indicator 
varied with P,, in accordance with a curve such as those in figure 
5, and if the true dissociation constant were accurately known, 
then the hydrogen ion concentration of a solution could be de- 
termined by finding the percentage transformation induced in 
the indicator. Indeed the dissociation constants of some few 
indicators have been determined with sufficient accuracy to per- 
mit the use of this method when the proper means of determin- 
ing the color intensities are used. Such use of indicators may 
be made independent of hydrogen electrode measurements. 
But for reasons which will presently become evident this pro- 
cedure is impracticable at present. 

We have been assuming that the theory of indicators may be 
treated in the simple manner originally outlined by Ostwald 
(1891). In his theory it was assumed that the anion of an indi- 
cator acid, for instance, has a color different from that of the 
undissociated molecule. This assumption if unmodified does 
not harmonize with what is known. Researches in the phe- 
nomena of tautomerism have shown that when a change in color 

: is observed in an indicator solution the change is associated 
with the formation of a new substance which is generally a 
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molecular rearrangement or so-called “tautomer” of the old. 
If this color change is associated with the transformation of one 
substance into another, how is it that it seems to be controlled 
by the hydrogen ion concentration of the solution? As Steig- 
litz (1903) and others have pointed out, it is the state of these 
compounds, their existence ina dissociated or undissociated 
condition, which determines the stability of any one form. In 
other words it is, after all, the degree of dissociation, as deter- 
mined by the hydrogen ion concentration, which determines 
which tautomer predominates. Therefore, consideration of the 
tautomeric equilibria only modifies the original Ostwald treat- 
ment to this extent; the true dissociation constant is a function 
of the several equilibrium and ionization constants involving the 
different tautomers and must be replaced by what Acree calls 
the “‘total affinity constant” or by what Noyes calls the “‘appar- 
ent dissociation constant,’’ when it is desired to show directly 
how the color depends upon the hydrogen ion concentration. 
Many indicators are poly-acidic or poly-basic and will not 
rigidly conform to the treatment for a simple mono-basic acid 
such as we have described. Phenolphthalein, for instance, as 
was shown by Acree (1908) and by Wegscheider (1908) must be 
considered as a poly-basic acid. The proper equations to apply 
in this case have been given by Acree (1907, 1908) and also by 
Wegscheider (1908, 1915). According to Acree and his students 
(Acree, 1908) (Acree and Slagle, 1909) the chief color change in 
phenol phthalein is associated with the presence of a quinone 
group and with the ionization of one ofthe phenol groups. In 
the sulfon phthalein series of indicators Acree and his students 
(White 1915 and White and Acree 1915) have found much the 
same sort of condition. In the sulfon phthalein series, however, 
certain unique properties, which will be further described by 
Lubs and Acree in a paper soon to be published,“ make the 
series eminently suited for experimental demonstration of the 
seat of color change. We may mention here that in the case 
of those sulfon-phthalein indicators with low apparent dissocia- 


4 This paper by Lubs and Acree has now appeared in J. Am. Chem. Soc. 
1916, 38, 2772. 
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tion constants these constants are so low and the dissociation 
constants of the sulfonic acid groups are so high that we may 
without any serious error treat these compounds, so far as their 
color transformations are concerned, as if they were simple 
mono-basic acids. As in the case of thymol blue the two sets 
of color transformations are so far apart on the P, scale that 
they do not interfere. 

The second set of color transformations which is observed 
with thymol blue in very acid solutions (low P,,) we have treated 
as if they were connected with an electrolytic dissociation as 
they apparently are. Without any regard for the nature of 
this transformation we have determined the apparent dissocia- 
tion constant in the manner previously described and have 
constructed the curve shown in figure 5. The transformation 
of thymol blue in acid solutions makes it useful in exactly the 
range which the curve indicates. 

These curves, while they have been constructed for purposes 
of illustration only and have been based on the simple and some- 
what incomplete treatment described, illustrate with greater 
clarity and in more detail the useful ranges of the indicators 
than would a mere tabulation of these ranges. The ranges 
found with the aid of these curves are found to be consistent 
with those empirically established. 

Figure 5 may also be used in a later discussion to illustrate 
the relation of P, to the dissociation of acids and bases. 


SECTION IX. OPTICAL ASPECTS 


While the color changes of indicators are correlated with 
molecular rearrangements controlled by hydrogen ion concen- 
trations, it should not be forgotten that the phenomena observed 
are optical and that no theory of indicators can be considered 
complete enough for practical purposes which fails to recognize 
this. As ordinarily observed in laboratory vessels, the color 
observed is due to a somewhat complex set of phenomena. It 
is unfortunate that we have no adequate treatment of the sub- 
ject which at the same time embraces electrolytic dissociation, 
tautomerism and the optical phenomena in a manner directly 
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available in the practical application of indicators. The simul- 
taneous treatment of these various aspects is necessary before 
we can feel quite sure of our ground when dealing with the dis- 
crepancies often observed in the comparison of colorimetric 
and electrometric measurements of biological fluids. 

There are many solutions so turbid with suspended matter 
or so rich in color that accurate measurement of their hydrogen 
ion concentrations by means of indicators is almost out of the 
question. The obscuring effect of the “natural color” of cul- 
ture-media has been one of the greatest obstacles to the applica- 
tion of the colorimetric method. Sdérensen, however, has said 
of the natural color of solutions that it does not produce the 
confusion that might be expected. Our own experience cor- 
roborates this. Nevertheless, both the color of culture media 
and the suspensions of cells, precipitated peptones, etc., which 
are found in active cultures, are serious embarrassments to be 
dealt with, carefully when possible, and sometimes by bold 
methods. 

There have been two chief methods of dealing with the inter- 
fering effect of the color of solutions. The first method, used 
by Sérensen (1909 a and b) and adequately described by him, 
consists in coloring the ‘standard comparison solutions until 
their color matches that of the solution to be tested, and sub- 
sequently adding to each the indicator. In many cases, cul- 
ture media have a yellow appearance which can be approxi- 
mately matched by one of the indicators. The yellow form of 
methyl red does very well for alkaline solutions and that of 
phenolsulfonphthalein (phenol red) for the acid solutions. In 
no case, however, can the matching be made perfect even with 
the use of an elaborate set of colors and in most cases it is a 
troublesome process. 

The second method was introduced by Walpole (1910). It 
consists in superimposing a tube of the colored solution over 
the standard comparison solution to which the indicator is 
added, and comparing this combination with the tested solution 
plus indicator superimposed upon a tube of clear water. A con- 
venient instrument for this purpose is now on the market. At 
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the time our researches were undertaken, we were unable to get 
the Walpole instrument, and we therefore used a homemade 
“comparator” similar to that described by Hurwitz, Meyer and 
Ostenberg (1916). It consists of a block of wood with holes 
bored to receive four test tubes. Holes are made in the block 
so that these test tubes can be viewed from the side in pairs. 
One pair is: tube of solution plus indicator, tube of clear water. 
The other pair is: tube of comparison solution plus indicator, 
tube of solution. This is the Walpole combination. The device 
is optically very imperfect but it works fairly well. When we 
speak subsequently of the use of a ‘““comparator’’ we mean this 
device. 

One or another of the means described serves fairly well in over- 
coming the confusing influence of moderate color in solutions 
to be tested. In bacteriological work, however, a most serious 
difficulty is presented by the suspension of cells and precipitates. 

If one views lengthwise a tube containing suspended parti- 
cles, or even particles of colloid dimensions, much of the light 
incident at the bottom is absorbed or reflected before it reaches 
the eye, and, if the tube is not screened, some of the light which 
reaches the eye is that which has entered from the side and has 
been scattered. Consequently, a comparison with a clear stand- 
ard is inadequate. 

Sérensen (1909 a and b) has attempted to correct for this 
effect by the use of a finely divided precipitate suspended in 
the comparison solution. This he accomplishes by forming a 
precipitate of BaSO, through the addition of chemically equiva- 
lent quantities of BaCl, and Na.SO,. Strictly speaking, this 
gives an imperfect imitation, but like the attempt to match 
color it does very well in many instances. The Walpole super- 
position method may be used with turbid solutions as well as 
with colored, as our experience with the device of Hurwitz, Meyer 
and Ostenberg has shown. In passing, attention should be 
called to the fact that the view of a turbid solution should be 
made through a relatively thin layer. When the comparison 
is made in test tubes, for instance, the view should be from the 
side. There are some solutions, however, which are so dark or 
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turbid that they can not be studied by any of the methods so 
far mentioned. On the other hand, certain very dark solutions 
such as the darker bouillons, and potato juice oxidized to an 
apparently black solution, we have handled very successfully by 
the dilution method which will be discussed in the section on 
approximate procedures. 

It is obvious that, whether the interference is due to color or 
turbidity, brilliancy of an indicator will aid greatly in overcom- 
ing it. Furthermore, the “color change” of a one-colored indi- 
cator Jike phenolphthalein or paranitrophenol is to a large extent 
a difference of intensity without any noticeable change in quality. 
The color change of a two-colored indicator, on the other hand, 
is a change in quality which up to a certain limit is unmistak- 
able even when turbidity or other colors interfere. Brilliant 
two-color indicators are therefore, from the subjective point 
of view, preferable. It is for this reason that we prefer the 
brilliant two-color indicators of the sulfonphthalein series. 

We feel sure that those who use the sulfonphthalein series 
of indicators, which we are describing in this paper, will be 
impressed by the advantage of their wonderful brilliancy. This, 
combined with their relatively small protein and salt errors, 
makes the series eminently useful. We must, however, mention 
in this section a phenomenon, which undoubtedly is exhibited 
to some extent by solutions of all of these compounds, but which 
becomes so prominent in certain cases that it may produce 
confusion or errors if not recognized. The phenomenon we 
speak of is the dichromatism exhibited, for instance, by solutions 
of brom phenol blue. Solutions of this indicator appear blue 
when viewed in thin layers but red in deep layers. The explana- 
tion is as follows: The dominant absorption band of the alkaline 
solution is in the yellow and the green, so that the transmitted 
light is composed almost entirely of the red and blue. The 
incident light has an intensity which we may call I. After 
transmission through unit thickness of solution some of the 
light has been absorbed and the intensity becomes Ia, where a 
is a fraction—the transmission coefficient—which depends upon 
the nature of the absorbing medium and the wave length of the 
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light. After traversing thickness ‘ the intensity becomes I a‘. 
Now the transmitted blue is I,a,‘ and the transmitted red 
I,a;*. We do not happen to know what the actual values are, 
but let us assume first that the intensity of the incident blue is 
100 and of the red 30 and that a, = 0.5 and a, = 0.8. 


For «=1, I,af=50 and I,af=24. Hence blue greater than 
red. 


For «= 10, I,af =0.01 and I,af=0.30. Hence blue less than 
red. 


This example indicates that the solution may appear blue 
when viewed through thin layers while it may appear red when 
viewed through thick layers. 

If we change the relative intensities of the incident red and 
blue we can change the color of a given thickness of solution. 
If in the above example we reversed the intensities of the inci- 
dent red and blue, then, 


For «=1, I,af=15 and I,af=80 or red greater than blue. 


This is essentially what happens when we carry the solution 
from daylight, rich in blue, to the light of an electric carbon 
filament lamp, poor in blue. The solution which appears blue 
in daylight appears red in the electric light. 

The practical importance of recognizing the nature of this 
phenomenon may be illustrated in the following way. Suppose 
we have a solution rich in suspended material, such as bacterial 
cells, and that we wish to determine its P, value by using brom 
phenol blue. If we view such a solution in deep layers very 
little of the light incident at the bottom reaches the eye. A 
large proportion of the light which does reach the eye is that which 
has entered from the side, has been reflected by the suspended 
particles, and has traversed only a relatively thin section of 
the solution. In such a solution then, if it is of the proper Px, 
brom phenol blue will appear blue, while in a clear camparison 
solution of the same P, the indicator appears red or purple if 
the tube is viewed lengthwise. A comparison is therefore im- 
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possible under these conditions. If, however, we view the two 
solutions in relatively thin layers, as from the side of a test tube, 
they will appear more nearly comparable. There will still re- 
main, however, a clearly recognizable difference in the quality 
of the color which serves as a warning that the two solutions 
are not being compared under proper conditions. We can ob- 
tain the proper conditions only when we eliminate from the 
source of light either the red or the blue, so that the phenome- 
non of dichromatism will not appear. Which had best be elimi- 
nated is a question which can not be answered properly until 
we have before us the necessary spectrometric measurements. 
Nevertheless the following observations made with a small 
hand spectroscope, and the deductions therefrom may prove 
to be illuminating. 

The chief absorption bands of brom phenol blue solutions 
occur in the yellow-green range and in the blue. In alkaline 
solutions the band in the blue disappears while that in the yellow 
widens into the green. As the solution is made more acid the 
band in the blue appears, shutting off the transmitted blue, while 
that in the yellow-green contracts, permitting the passage of 
the green. Our light source then should be such that at least 
one of these changes may become apparent, and at the same 
time either the blue or red must be eliminated. The light 
of the mercury arc fulfills these conditions. It is relatively 
poor in red and it emits yellow, green and blue lines where the 
shifts in the absorption bands of brom phenol blue occur. Since 
the mercury arc is not generally available we have devised a 
light source to fulfill the alternative conditions, namely, one 
which will permit observation of the contrasts due to the shift 
in the yellow-green band" and which at the same time is free 
from blue. Such a source is found in electric light from which 
the blue is screened by a translucent paper painted with an acid 
solution of phenol red. The arrangement we have used is 
described in the section on apparatus. One disadvantage of 


16 This should not be confused with the changes in “subjective color.’ In 
the screened light no participation of transmitted green will be detected by the 
unaided eye. 
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such a screen is that the red transmitted through it is so domi- 
nant that it obscures the contrasts which are due to the shift- 
ing of the yellow-green absorption band. Nevertheless, such 
a screen has proved useful in P, determinations with brom 
phenol blue and particularly useful with brom cresol purple. 
In either case it is most useful in the more acid ranges covered 
by each of these indicators. 

While considering light sources we may call attention to the 
fact that all the sulfonphthalein indicators may be used in elec- 
tric light, although brom thymol blue and thymol blue are not 
well adapted for use in light poor in blue. Doubtless a more 
thorough investigation of the absorption spectra of the sulfon- 
phthalein indicators will make it possible to devise light sources 
which will materially increase their efficiency. 

So far as we have been able to detect with instruments at 
hand, the absorption spectra of all the indicators of the sulfon- 
phthalein series are such that the appearance of dichromatism 
must be expected under certain conditions. It will be observed 
with phenol red in light relatively poor in red and rich in blue, 
for example, the light of a mercury arc; and with thymol blue in 
light relatively poor in blue and rich in red for example, ordi- 
nary electric light. 

It may be noted that many colored culture media absorb 
blue light strongly and that this may be connected in some 
way with the slight errors frequently noted in P,, determinations 
with the blue indicators. 


SECTION X. PROTEIN AND SALT ERRORS 


In the correlation of electrometric and colorimetric measure- 
ments discrepancies have often been traced so clearly to two 
definite sources of error that they have been given categorical 
distinction. They are the so-called “‘protein”’ and “salt’’ errors. 

From what has already been said in previous pages, it will 
be seen that if there are present in a tested solution bodies which 
remove the indicator or its ions from the field of action either 
by absorption or otherwise, the equilibria which have formed 
the basis of our treatment will be disturbed. An indicator in 
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such a solution may show a color intensity, or even a quality 
of color, which is different from that of the same concentration 
of the indicator in a solution of the same hydrogen ion concen- 
tration where no such disturbance occurs. We could easily 
be led to attribute very different hydrogen ion concentrations 
to the two solutions. This situation is not uncommon. The 
most striking instance which we ourselves have observed is the 
precipitation of congo red upon the surfaces of curd grains and, 
presumably, the absorption of this indicator by the casein in 
miuk. Effects with similar results but with indefinitely known 
causes occur very generally when native proteins or some of 
their products of hydrolysis are present in solution or suspen- 
sion. Such effects when attributable to protein or even pep- 
tone are classed in the category of “‘protein errors.” 

If two solutions, each containing the same concentration of 
hydrogen ions, are tested with an indicator, we should expect 
the same color to appear. If, however, these two solutions have 
different concentrations of salt, it may happen that the indica- 
tor color is not the same in both solutions. As Sérensen (1909) 
and Sérensen and Palitzsch (1913) have demonstrated, this 
effect of the salt content of a solution cannot be tested, as Michae- 
lis and Rona (1909 a) at first supposed, by adding the salt to 
one of two solutions which have previously been brought to the 
same hydrogen ion concentration. The added salt, no matter 
if it is a perfectly neutral salt, will change the hydrogen ion 
concentration of the solution to which it is added. The influ- 
ence of salts is felt then alike by indicators and by the constitu- 
ents of buffer mixtures. The nature of this influence is at 
present so little understood that it cannot yet be treated in a 
systematic manner. Harned (1915) has shown that salts exert 
specific effects upon the hydrogen ion concentration of KOH 
solutions and Kolthoff (1916), has found specific effects in the 
action of different salts upon indicators. 

A model of the manner in which the salt errors may be esti- 
mated and the proper corrections applied in specific cases is 
found in the work of Sérensen and Palitzsch (cf. Sérensen and 
Palitzsch, 1913, and other papers) upon the hydrogen ion con- 
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centration of sea water. Sea water does not vary greatly in 
the nature of its salt content. A systematic calibration of indi- 
cators when used at different concentrations of the salt water 
is therefore possible. 

In dealing with protein solutions calibration is less certain. 
When solutions to be tested vary greatly, not only in protein 
content but also in the composition and concentration of their 
salt content, systematic calibration becomes very difficult. 
When there are added the difficulties presented by strong colora- 
tion and turbidity, calibration is impossible. Such is the situa- 
tion to be faced when dealing with the media and the cultures 
which the bacteriologist must handle. We can bring to bear 
upon the problem no adequate explanation of the ‘“‘salt effects,” 
no general theory of the “protein errors,’ no comprehensive 
treatment of the optical difficulties, and finally no perfectly 
rigid basis upon which to compare the electrometric and colori- 
metric measurements. We have therefore considered it wise 
to leave any detailed treatment of these subjects to painstak- 
ing research upon restricted cases and upon more favorable 
material. 

Such considerations should not deter us from choosing those 
indicators which give the most consistent values. When the 
agreement is good in a very wide variety of cases we may safely 
consider the method reliable for approximate determinations, 
without seeking to classify small discrepancies which may be 
observed. 


SECTION XI. APPROXIMATE PROCEDURES 


There are many instances where accurate determinations are 
not essential, but where approximate measurements have a dis- 
tinct value. One instance is to be found in the method of Clark 
and Lubs (1915) for the differentiation of the two main groups of 
the colon-aerogenes family of bacteria. In this method the com- 
position of the medium is so adjusted to the metabolic powers 
of the organisms that the medium is left acid to methyl red by 
one of the groups and alkaline to methyl red by the other group. 
In the original description of this test the differentiation was 
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made by simply adding the indicator and noting the difference 
in color. With very little additional time and labor deter- 
minations of the P, values may be made. We have made 
what we consider to be very good approximate measurements 
with the B. coli cultures at the rate of 60-100 an hour by the 
following procedure. The cultures are grown in 5 cc. portions 
of the special medium held in uniform 10 cc. test tubes. When 
the indicator test is made one worker runs in 5 cc. of an aqueous 
solution of methyl red from an automatic pipette. (The quan- 
tity of indicator thus added must of course be adjusted to equal 
that added to the standard comparison tubes.) A second worker 
makes the colorimetric comparisons. In this way a definite 
amount of indicator is added to each tube and a dilution is 
made which reduces the obscuring effect of the turbidity of the 
culture. 

We have mentioned the dilution method as a means of reduc- 
ing the coloration and turbidity of solutions to be tested colori- 
metrically. Dilution will, of course, change the hydrogen ion 
concentration of a solution, but it can be shown that moderate 
dilution in most cases does not change the hydrogen ion con- 
centration seriously. The following brief theoretical outline 
will indicate the reason. 

Let us consider an acid of the type HA, for the dissociation of 
which we have the equilibrium equation: 


[H] x [A] _ 
~ [HA] nae K, (1) 


If the acid alone is present in the solution we may assume that 
[A] = [H] Also, if S, = the total acid, [HA] = 8S, — [H]. 
Introducing these into equation (I) and solving for [H] we have 

K 


2. 1 
[H] = YK.S.+ aK 





When K, is small in relation to 8, 


(H] + VK,S, (2) 
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Thus the hydrogen ion concentration [H] varies with dilution 
(diminution of S,) of the solution only as the square root of 
K,S,. The special case in which we have to do with a very 
dilute solution of a practically completely dissociated acid is 
rarely met with in physiological studies. 

Equation (1) may be written 


[HA] 
* [A] 


[H] = K (3) 
If there is present a salt of the acid, this salt may furnish some 
of the anions [A]. Since salts are generally more strongly dis- 
sociated than the acids, [A] may be furnished almost entirely 
from the salt, if it is relatively sufficiently concentrated and the 
acid is weakly dissociated. Furthermore, as the dissociation 
of the acid is suppressed by the high relative concentration of 
A, [HA], the concentration of the undissociated portion, ap- 
proaches the molecular concentration of the acid, 8,. In the 
extreme case where the acid is weak in dissociating power, and 
the salt of this acid is relatively concentrated, we may repre- 
sent the equilibrium expressed in equation (3) by equation (4) 


S sci 
"Saat 


In other words the hydrogen ion concentration varies only as 
the ratio of acid to salt, K, being a constant. Since this ratio 
does not change on dilution the hydrogen ion concentration 
will not change when the solution is diluted. 

This conclusion holds only with the above mentioned simpli- 
fying assumptions. Actually the relative concentration [A] 
in the denominator of equation (3) increases when the solution 
is diluted, because of the increase in the percentage dissociation 
of both acid and salt. Consequently [H] decreases. 

Thus, when a mixture of an acid and its salt is diluted, the 
hydrogen ion concentration varies somewhat more than the 
zero variation shown by equation (4) but less than that indicated 
by equation (2). A similar conclusion would be reached if the 
case of a mixture of a base and its salt were considered. Fur- 


[H] = K (4) 
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thermore the acids and bases thus considered may be regarded 
as the components of poly-acids or poly-bases or of amphoteric 
electrolytes. 

But changes in [H] seem less when expressed as P, which is 


log Thus, to halve the hydrogen ion concentration, P, 


1 
{Hy 
must be increased only about 0.3 points. But to accomplish 
this in the first extreme case mentioned we should have to dilute 
the solution about four times. If a mixture of acids or bases 
with their salts is being dealt with the change of P, on fourfold 
dilution will be very much less. 

Sdrensen (1912) has given some calculated P,, values for differ- 
ent dilutions of asparagine and glycocoll which are types of 
the amphoteric electrolytes found in many culture media. His 
values are as follows: 





| 
| MOLECULAR CONCENTRA- P 
| H 


TION OF ASPARAGINE | 


MOLECULAR CONCENTRA- 
TION OF GLYCOCOLL 














i 
1.0 | 6.089 1.0 2.954 
0.1 6.096 0.1 2.973 
0.01 6.155 0.01 3.110 
0.001 | 6.413 0.001 3.521 
0.0001 


6.782 | 0.0001 | 4.166 





The dilution here is ten-fold at each step, yet the increase in 
P,, is very small while the solutions are as concentrated as 
0.1-0.01 M. 

When dealing with complex solutions which are mixtures of 
very weakly dissociated acids and bases in the presence of their 
salts, and especially when the solution is already near neutrality 
dilution has a very small effect on P,, so that if we are using 
the crude colorimetric method of determining P,, a five-fold dilu- 
tion of the solution to be tested will not affect the result through 
the small change in the actual hydrogen ion concentration. 
Differences which may be observed are quite likely to be due 
to change in the protein or salt content. For this reason as well 
as for other reasons we have considered it wise to use M/20 
standard comparison solutions instead of more concentrated 
standards. The salt content of the standards undoubtedly influ- 


HYDROGEN ION CONCENTRATION 129 


ences the indicators and should be made as comparable as is 
convenient with the salt content of the solutions tested. 

The conclusion that dilution has little effect on the hydrogen 
ion concentrations of many solutions has long been recognized. 
Michaelis (1914) found little change in the P, of blood upon 
dilution, and Levy, Rowntree, and Marriet (1915) have depended 
upon this in part in their dialysis method for the colorimetric 
determination of the hydrogen ion concentration of blood. 
Henderson and Palmer (1912) have used the dilution method 
in determining the P, of urines, and Paul (1914) records some 
experiments with wines the P, values of which were affected 
but little by dilution. The legitimacy of dilution has been 
tacitly admitted by bacteriologists in their procedure of diluting 
media to be titrated to what is in reality a given P,, as indicated 
by phenolphthalein. 

The dilution proceedure should however always be used with 
caution and only for solutions well buffered with salts. 

In tables 4~9 will be found numerous comparisons which 
we have made between P, values determined before and after 
dilution. In most cases they are in substantial agreement. 

The dilution method if used with caution and understanding 
will, we believe, prove to be most useful to the bacteriologist. 
If for instance, one has to determine the P,, values of a hundred 
or so cultures and relative values which are approximately 
accurate are all that are necessary these relative and approxi- 
mately accurate values may be obtained with remarkable rapidity 
by diluting 2 ec. of each of the cultures to 10 cc. with distilled 
water and measuring these diluted solutions. This leaves plenty 
of each culture for confirmatory tests or for other tests. Very 
highly colored or very turbid solutions may be diluted to a 
point where they may be used in the comparator. 

Indicator papers may be mentioned in this section. A fair 
indicator paper may be made by impregnating paper with a 
mixed alcoholic solution of methyl red and brom thymol blue. 
We mention this particular combination because it may prove 
useful for roughly determining the reaction of solutions which 
vary widely in P,. Such use is about the only one to which 
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indicator papers may safely be put. If the paper is not sized 
absorption phenomena seriously interfere. If the paper is 
sized the sizing is generally a buffer and destroys the sensitive- 
ness of the test. The subject of indicator papers is worthy of 
more extensive investigations such as those of Walpole (1913), 
but at present it must be considered to be in an unsatisfactory 
state. 

Often it is necessary to determine only the direction and the 
approximate extent of a fermentation. With the proper indi- 
cators this can be done much more rapidly and satisfactorily 
than by titration. If, for instance, the original medium was 
nearly neutral the addition of brom cresol purple will show in a 
second the approximate extent of an acid fermentation. 

Again, in adjusting the reaction of culture media there are 
many instances where approximate adjustment is quite suffi- 
cient. With a series of indicators such as we have described 
one who is familiar with the colors at different P, values can 
adjust media with a fair degree of accuracy by eye alone. At 
this point we may again call attention to the fact that adjust- 
ment of media to a given “percentage acidity” or ‘degree Fuller’s 
scale’? may result in greater divergencies in P, than even an 
unskilled worker without the aid of comparison solutions attains 
when he adjusts by the colorimetric method. 

In testing acid fermentations of a more or less homogeneous 
group of organisms it is often found that many of the cultures 
have arrived at about the same P,. In this case it is convenient 
to test a few most carefully, and then arrange the other cultures 
in groups to match those tested. When such a procedure is 
permissible’ the colorimetric method of testing acid fermenta- 
tions becomes one of such rapidity that the burden of the tests 
is transferred from the analyst to the media maker and the 
inoculator. 


%* Methyl red cannot be left exposed to active cultures without danger of 
reduction or destruction. 
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SECTION XII. EQUIPMENT 


The standard comparison solutions have been described in 
section V. The container for the N/5 NaOH solution should 
be paraffined. We have found the most satisfactory paraffined 
bottles to be those coated thickly with paraffine. We use about 
1 pound of paraffine to a 5 litre bottle, cool it before it has time 
to form a crystal-like structure, and take particular pains to 
make sure that the bottom of the bottle is thickly covered. 
If the paraffine to be used is dirty it may be washed in hot dis- 
tilled water, and the paraffine drawn off and dried at its melting 
point. The NaOH solution should be protected from CO, 
by efficient cotton-protected soda-lime tubes, and should not 
be brought in contact with rubber tubing but only with Jena 
or Pyrex glass tubing. This also may be paraffined. A con- 
venient arrangement which requires no expert glass-blowing 
is shown diagrammatically in figure 6. 

The containers for the other stock solutions may be of Jena 
or other resistant glass, and need not be protected from CQ. 
A sample bottle is shown in figure 7. 

The 50 cc. burette for the NaOH solution and the 50 ce. 
pipettes used in delivering the solutions which enter into the 
standard mixtures should be calibrated and kept clean. It is 
advisable to use only such volumetric apparatus as the Bureau 
of Standards has specified to be fit for test. [See Bureau of 
Standards Circular No. 9.] It will be noted that the Bureau 
will not accept for test the so-called “‘Shellbach” burettes. 

As mentioned in section V, we find it convenient to prepare 
in a 200 ec. flask 200 cc. portions of each of the standard mixtures 
whose intervals are 0.2 P,. This requires with the duplicates 
mentioned on p. 27 about forty-eight 200 cc. bottles each of 
which is provided with a 10 cc. pipette. These pipettes need 
not be calibrated and may be of rapid delivery. The bottles 
used for the alkaline borate mixtures should be paraffined. Two 
such bottles are shown in figure 7. Only a few bottles are needed 
for restricted researches. 

The test tube racks, one of which is shown in the photograph, 
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are useful for many purposes but chiefly to hold the tubes of 
standard comparison mixtures. The tube holders are ordinary 
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metal rubber-stamp holders which may be purchased at any 
stationer’s. We find that a row of nine accommodates all the 
tubes which it is advisable to use with one indicator, if the inter- 
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vals are 0.2 P,. A white background may be provided by using 
replaceable sheets of white paper. 

The test tubes used should be selected for uniformity of bore 
and for clearness. It is hoped that an urgent demand will 
be created for a good grade of flat bottom tubes suitable for 
these tests. 

The comparator of Hurwitz, Meyer and Ostenberg is shown 
in the photograph. We find } inch holes instead of slits most 
suitable for a proper view. The interior as well as the exterior 
of the block should be painted a dull or ‘‘flat’’ black. 

Two styles of indicator droppers are shown in the photo- 
graph. Neither will deliver accurately uniform drops, but 
either is satisfactory for ordinary purposes. For very careful 
work volumetric delivery of a dilute indicator solution may be 
used or a dropper made from a small burette with an orifice of 
capillary tubing with polished face. Such a burette should be 
mounted where it is as free as possible from tremors. 

The screen for use with brom phenol blue and brom cresol 
purple is shown in the photograph with part of the screen torn 
away to show the arrangement of the lights behind. The de- 
vice consists of an ordinary box of convenient size in which are 
mounted three or four large electric lights (e.g., 30 ep. carbon 
filaments.) A piece of tin serves as reflector. The box may be 
lined with asbestos board. A piece of glass cut to fit the box 
is held in place on one side by the asbestos lining and on the other 
by a few tacks. This glass serves only to protect the screen 
and is not essential. The screen is made from translucent paper 
known to draughtsmen as ‘‘Economy”’ tracing paper. It is 
stretched across the open side of the box and painted with a 
solution consisting of 5 ec. of 0.6 per cent phenol red (stock 
solution of phenol sulfon phthalein) and 5 ce. of M/5 KH,PO, 
(stock, standard phosphate solution). While the paper is wet 
it is stretched and pinned to the box with thumb tacks. This 
arrangement may be constructed in a very short time and will 
be found very helpful in many eases. It should be used in a 
dark room or, if such a room is not available, exterior light may 
be shut off with a photographer’s black cloth. 
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The indicator solutions which we have found convenient are 
the following. Phenol red [phenol sulfon phthalein}] may be 
purchased as a standardized 0.6 per cent solution of its mono- 
sodium salt.'? From this stock the solution used in the indicator 
tests may be prepared by diluting 10 cc. to 300 ce. in distilled 
water. This gives a 0.02 per cent solution. The other sulfon 
phthalein indicators may be purchased in solid form but it will 
be advantageous to have the manufacturer supply standardized 
stock solutions of the mono-sodium salts. In this case cresol- 
red should be furnished in the same concentration as phenol 
red, and the others in double this concentration, namely 1.2 
per cent solutions. In all cases dilute 10 ec. of the stock solu- 
tion to 300 ec. with distilled water to obtain the concentration 
used in the tests. Methyl red and propy! red solutions are pre- 
pared by dissolving 0.1 gram in 300 cc. alcohol and diluting to 
500 cc. with distilled water. If solutions with strong buffer 
action are to be tested with methyl red it is permissible to use 
the following aqueous solution of this indicator. To a weighed 
amount of the finely ground indicator (0.5 gram) add slightly 
more than one molecular equivalent of NaOH (20 ec. M/10). 
Dilute to a 0.02 per cent solution for the tests. Ortho cresol 
phthalein (or the less brilliant phenol phthalein which may be 
used in the same range) is used in 0.02 per cent alcoholic solution. 

The indicators required in the study of any particular range 
of P,, may be chosen from table 2, Section vi, Journal of Bac- 
teriology, Vol. II, p. 33. This table includes the chemical 
names used in purchasing, the common names suggested for 
laboratory parlance, the concentration of the solutions used 
in the tests, the gross color changes, and the range in which 
each indicator is useful. 


SECTION XIII. RESUME OF GENERAL PROCEDURES 


If the approximate P,, of the solution is not known, find the 
range within which it falls by adding to a portion either a mix- 
17 This solution is used by physicians for a renal function test and is supplied 


to them in small ampoules. The bulk solution specially made up for indicator 
purposes and free from carbonate, should be specified when ordered. 
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ture of methyl red and thymol blue, or else the sulfon phthalein 
series in succession beginning with thymol blue. 

For clear, colorless solutions, use the standard comparison 
solutions (Section v) (10 ec. each) in test tubes held in a rack. 
Measure 10 ce. of the solution to be examined into a test tube 
of the same bore as that of the test tubes holding the standards. 
To it and to each of the standard solutions add the same num- 
ber of drops of indicator solution. Four drops of the solutions 
we describe is generally sufficient, but judgment must be used. 
If, for example, phenol red is in question, it may be employed 
further in the alkaline region if used in lower concentration, and 
further in the acid region if used in higher concentration. In 
general however it is better to keep the indicator concentrations 
uniform and thus avoid confusion. The solution tested is now 
matched with the standards. 

For colored and turbid solutions; if color and turbidity are 
slight, the solution may be treated as are the clear colorless solu- 
tions; as the color or turbidity increases use first the compara- 
tor or the dilution method and finally both. In the use of the 
comparator the tubes are arranged as follows. 




















solution 
water +4 
indicator 
Light source Eye 
standard solution 
+ + 
indicator no indicator 




















Turbid solutions must be viewed through thin layers as from 
the side of a test tube. With the two indicators brom phenol 
blue and brom cresol purple the solution, if turbid, should be 
viewed in the screened light. 

For special methods see other sections. 


(to be continued) 
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III. SPORE-FORMING BACTERIA IN SOIL 


Historical 


No soil microérganisms have been studied more frequently 
or more completely than the group of spore-formers. They are 
constantly present in soil and are always found on gelatin or 
agar plates made from soil, producing the largest and most strik- 
ing of the colonies that develop on such plates. They grow 
rapidly on ordinary media and, if a short period of incubation is 
used, they are among the most numerous kinds of bacteria devel- 
oping on the plates. Literature relating to them has been con- 
cerned in part with their activities and in part with their taxon- 
omy. From the point of view of the present paper, the litera- 
ture relating to their taxonomy is the most important. 

The importance of. studying the botanical relationships of 
these bacteria was first emphasized by Meyer (as credited to 
Meyer by Gottheil, 1901), who laid great stress on the need of 
accurate measurements and careful descriptions. The first im- 
portant contribution to the taxonomy of the group was by 
Gottheil (1901), one of Meyer’s students. The same work 
was continued a few years later by Neide (1904), another of 
Meyer’s students. Chester (1903) made a comparison of Gott- 
heil’s cultures with those obtained from other sources, and 


1 These papers together with those in the preceding number of the Journal 
are original abstracts of Technical Bulletins Nos. 57 to 60 of the New York Agri- 
cultural Experiment Station. 
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somewhat simplified Gottheil’s classification. Chester’s work 
and Neice’s work were both in progress at the same time, with- 
out either investigator having access to the other’s cultures; so 
further work was necessary in order to harmonize their findings. 

This codrdination has been accomplished by the recent work 
of Ford and his associates (1916). They obtained a larger num- 
ber of cultures than had been studied by any previous investi- 
gators, some of their own isolation, some from Kral’s collection, 
some from the American Museum of Natural History, and 
some from other sources. With such a large number of cultures, 
it was possible to study correlations and observe differences to 
better advantage than had been previously possible, and their 
findings have a correspondingly greater authority. 


The three most common species 


Three types of spore-forming bacteria have been found in all 
the soils studied and have always been observed on the plates, 
unless too great dilutions have been used. They have been 
satisfactorily identified with: B. megatherium DeBary, B. my- 
coides Fliigge, and B. cereus Frankland.? In each case the identi- 
fication has been regarded as correct, because the cultures iso- 
lated from soils agree well with the published descriptions given 
by Chester and by Ford et al., and also because when representa- 
tive cultures were sent to Ford for identification, he assigned 
to them the same names as those already decided upon by the 
writer. 

Of these three species, B. megatherium has proved to be slightly 
more abundant than the other two, plate counts averaging about 
375,000 per gram. Plate counts of B. mycoides have averaged 
about 225,000 per gram, and of B. cereus about 180,000. These 
findings are similar to those recorded by Ford and his associates, 
the chief difference being that they found B. mycoides compara- 
tively rare in soil and found B. petasites Gottheil more numerous 
than either B. mycoides or B. megatherium. 


? Descriptions of these three species are given in Technical Bulletin No. 58 
of the New York Agricultural Experiment Station. 
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Less common species 


Besides the three species present in all of the soils studied, 
a number of other types have been isolated. Only one of these, 
B. simplex Gottheil, has been found often enough to justify 
detailed study.’ It is not possible to say whether B. simplex 
occurs in all of the soils studied, because it does not have a dis- 
tinctive colony like the three more common species and does 
not occuy in sufficient abundance to be encountered regularly 
in a series of chance isolations. In making chance isolations, 
B. simplex has been found about a fifth as often as B. megatherium, 
B. mycoides, or B. cereus. ‘The identification of these cultures 
as B. simplex is considered to be correct, as they agree with 
Chester’s and with Ford’s descriptions of the species, and the 
identification has been confirmed by Ford in the case of a typi- 
cal culture sent to him. 

Among the other types of spore-forming bacteria encountered 
were a few cultures of small-spored organisms closely related 
to B. mesentericus (Fliigge) Migula, two cultures of an organism 
with round, terminal spores, probably B. fusiformis Gottheil, 
and several others that have proved difficult to identify. 


Gelatin colonies of the spore-forming bacteria 


In making a flora study of soil, it is quite important to know 
the relative abundance of the different types of organisms studied. 
About the only way to establish this is by means of the relative 
numbers of the colonies of these organisms which appear on 
plates made from soil; and in order to count the colonies of 
any type, it is necessary that they be readily distinguishable 
from the colonies of other bacteria. On gelatin, the three most 
common spore-formers of soil produce colonies that can be recog- 
nized fairly readily. 

Unfortunately it is not possible to describe the colonies of 
these bacteria so that they can be recognized with certainty 
by other investigators, because of differences in form of colony 


3 A description of this species is given in Technical Bulletin No. 58 of the New 
York Agricultural Experiment Station. 
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due to differences in technic. In the present work, B. mycoides 
has been recognized by its large, rapidly liquefying, filamentous 
to rhizoid colony; B. cereus by its fair-sized, round, rapidly 
liquefying colony with entire edges and a surface membrane 
containing granules that are generally concentrically arranged; 
B. megatherium by its smaller colony, containing a flocculent 
center composed of white opaque granules, generally surrounded 
by a zone of clear liquefied gelatin. Using these criteria, it 
has proved possible to obtain a fairly good estimate of the num- 
bers of each of these three species in the different samples of 
soil investigated. 


Significance of the spore-forming bacteria in soil 


The great attention that has been given in the past to the spore- 
forming bacteria of soil is undoubtedly due to their constant 
presence in soil, their large striking colonies on agar or gelatin 
plates, and their rapid growth in laboratory media. Chester 
(1902), for example, used fairly short periods of incubation, and 
because of the rapid growth of these organisms, found them to 
comprise nearly half of the colonies on his plates. Hiltner and 
Stérmer (1903) on the other hand, incubated their plates until 
no more new colonies appeared, and found only 5 per cent of 
the colonies to be liquefiers (which category includes nearly 
all, if not all, of the spore-forming bacteria). The use of short 
incubations has led to an exaggerated idea of the abundance 
and importance of spore-forming bacteria in soil. It was learned 
that they were vigorous ammonifiers in laboratory culture 
media, and naturally it was assumed that they were also vigor- 
ous ammonifiers in soil. This idea has persisted in spite of 
recent observations as to their relatively small abundance. 

It was recently pointed out by the writer (1916 b) that the 
number of colonies of the spore-formers developing on plates 
per gram of soil was not appreciably diminished by heating 
the soil infusion, before plating, to a temperature high enough 
to kill vegetative forms. The results indicate that these bac- 
teria exist in normal soil only in the form of spores and are 
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therefore ordinarily inactive. Since writing the paper just 
mentioned, further information on the subject has been ob- 
tained by means of the microscopic examination of soil; and it 
has entirely corroborated this conclusion. 

Ford and his associates (1916) have found practically the 
same kinds of spore-forming bacteria not only in milk, in water, 
and in soil, but also in dust, and always in about the same rela- 
tive abundance. This probably means that the spores of these 
bacteria are omnipresent, but that they become active only 
when conditions are favorable. It is not impossible that the 
reason why these species have developed the power of produc- 
ing spores is because the conditions necessary for their growth 
are so rarely met in nature that their continued existence would 
be impossible without some resting stage. Probably in soil, 
conditions favorable to their growth occur just often enough so 
that the spores do not diminish in numbers; but at other times 
they are dormant. 


IV. NON-SPORE-FORMING BACTERIA IN SOIL‘ 
Introduction 


The non-spore-forming bacteria seem to be the most abun- 
dant group of microérganisms in soil; but much less is known 
about them than about the spore-formers. It has so far proved 
impossible to distinguish the different kinds of non-spore-form- 
ers from each other, or to obtain definite knowledge as to their 
function in soil. This paper therefore is merely preliminary. 
Its object is primarily to call attention to the probable impor- 
tance of non-spore-forming bacteria in soil. 

Spore-forming bacteria and Actinomycetes have been ex- 
tensively studied in the past; but except for the nitrifiers and 
some of the other organisms concerned in the transformations 
of nitrogen, scant attention has been given to any non-spore- 
forming bacteria. As an illustration of this fact,mention may 
be made of Léhnis’ review of the subject in his ‘Handbuch der 


‘ This section of the paper was presented at the New Haven meeting of the 
Society of American Bacteriologists. 
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landwirtschaftlichen Bakteriologie.”’” In his section (p. 514) 
entitled ‘Allgemeines iiber die im Boden vorkommenden Arten 
von Mikroorganismen”’ he refers to non-spore-forming bacteria 
in just two sentences. In these two sentences he says that ex- 
cept for the fluorescent varieties, attention has been given only 
to certain yellow and blue chromogenic forms. In other words, 
the large group of non-chromogenic bacteria that produce puncti- 
form colonies on agar or gelatin plates has been practically 
overlooked. 

-Considering what a large proportion of the colonies on the 
plates are of this type, it seems strange at first thought that 
they have been overlooked; and yet the reason is not far to seek. 
In laboratory culture they grow poorly and their activities 
are so insignificant that they can scarcely be measured by chemi- 
cal tests. It has been assumed that organisms so inactive in 
the laboratory must also be inactive in soil. 


Classification 


Two main groups of non-spore-formers have been recognized 
in this work. The first is the group that liquefies gelatin rapidly, 
the second the group that produces mere punctiform colonies 
in gelatin. The latter group contains some slow liquefiers, and 
some non-liquefiers. At first thought it would seem as though 
a much more natural division to make would be to distinguish 
liquefiers from non-liquefiers, but that has not proved to be 
the case: The bacteria found in the soil which liquefy gelatin 
slowly seem to be more nearly related to those which do not 
liquefy it at all than to those which liquefy rapidly. 

This division has also proved easier to recognize in practice 
than it would have been to draw the line between liquefiers 
and non-liquefiers. Many slow-liquefiers do not begin to liquefy 
at the end of seven days’ incubation, and cannot be distinguished 
from non-liquefiers by means of their colonies. The rapid- 
liquefying group, however, can always be distinguished by the 
fact that its colonies are over 1 cm. in diameter, and if given 
time often liquefy the entire plate; while the colonies of the other 


oy Ce ee 




















SOIL FLORA STUDIES 143 


group never become as large as | cm. in diameter, however 
long the incubation. 

The most important member of the rapid-liquefying group 
is Ps. fluorescens (Fliigge) Migula. For convenience’ sake, there- 
fore, the group may be spoken of as the Ps. fluorescens group; 
but this expression must not be taken to mean that al! the or- 
ganisms are fluorescent. Many of them, indeed, never produce 
fluorescence, and non-fluorescent strains of Ps. fluorescens itself 
are often encountered. The rapid liquefaction of gelatin is 
the most striking common characteristic of this group. No 
non-liquefying fluorescent organisms have been encountered. 
Besides Ps. fluorescens, a number of other members of the rapidly 
liquefying group have been found. They are small, short rods, 
generally with polar flagella, and seem to be closely related 
to Ps. fluorescens. They are generally present in soil, although 
not in large numbers. None of them have been identified 
with previously described species. Only one of them has definite 
enough characteristics to be easily recognized. It is a very 
slender rod (about 0.2 to 0.3 micron in diameter) that produces 
a characteristic orange-colored colony in gelatin. No study 
has yet been made of any of the other forms. 

The other group of asporogenous bacteria here discussed, 
probably does not contain any well-known organism. It is 
a group of small, short rods or cocci, rarely over 1 micron in 
length or 0.5 micron in diameter, characterized by poor growth 
in all liquid media, and by the production of punctiform colonies 
in gelatin. On agar streak culture they grow fairly well, pro- 
ducing a soft, smooth, glistening, slimy to watery growth. In 
several of the writer’s publications they have been spoken of 
as the group of “slow-growers.”’ This term, however, gives a 
false conception of their importance in soil; for in soil, conditions 
probably favor their growth, and there is reason to believe that 
they multiply rapidly there. 

The actual number of different kinds of bacteria in this group 
is unknown. There are very few morphological differences 
upon which to base distinctions; and because of their poor 
growth in liquid media, it is not possible to use the ordinary 
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physiological tests to effect a classification. Some new plan 
of classification must be applied to these organisms, but no 
satisfactory system has yet suggested itself. The following 
classification is all that has been attempted in the present work. 


I. Rod-shaped forms. 
A. Chromogenic (yellow). 
B. Non-chromogenic. 
1. Liquefying gelatin slowly. 
2. Not liquefying gelatin. 
II. Coeci. 
A. Liquefying gelatin slowly. 
B. Not liquefying gelatin. 
Of these different groups, the cocci are much less abundant 
than the rod-shaped forms. Most abundant of all are the non- 
chromogenic rods that liquefy gelatin slowly. 


Recognition of colonies on plates 


Unfortunately the non-spore-forming bacteria in general pro- 
duce colonies on gelatin and agar that do not have striking 
characteristics. Ps. fluorescens and the orange liquefying type 
are the only exceptions to this statement. Ps. fluorescens can 
be recognized on gelatin by its large, rapidly liquefying colony, 
with entire margin, faintly cloudy but almost structureless; 
but its agar colonies are less characteristic, fluorescence generally 
occurring on beef-extract-peptone agar, but not constantly enough 
to characterize the species. The orange, liquefying type can be 
recognized by its fairly large orange colonies; on gelatin they are 
sometimes as large as 2 cm. in diameter, and show a striking 
radiate structure. 

The other non-spore-forming bacteria all produce non-charac- 
teristic colonies. The punctiform colonies can be distinguished 
from the rapidly liquefying ones; but that is all the classification 
that can be made. This is unfortunate, because it is impossible 
to tell how numerous any type is in a particular soil sample 
unless its colonies on the plates can be recognized. Before a 
satisfactory study can be made of this part of the soil flora, a 
new medium must be devised upon which the colonies of the 
asporogenous types produce characteristic colonies. 
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Distribution in soil 


The non-spore-formers have been found in general to average 
about 75 per cent of all the flora of cultivated soil developing 
on gelatin plates. In sod soil—in which, as already stated (Conn, 
1916 a,) the number of Actinomycetes is higher than in culti- 
vated soil—the percentage of non-spore-formers is somewhat 
lower. The majority of this 75 per cent are “slow-growers.”’ 
The rapid-liquefying group is not a very abundant one in the 
soils studied. In many cases it is either lacking or not abundant 
enough to appear on plates in the dilutions used; and the largest 
number ever found, except in manured soil, is about 1,500,000 
per gram of soil or about 5 per cent of all the colonies develop- 
ing on the plates. The group of “slow-growers,” on the other 
haaod, is very abundant. Excluding air-dried soil, where their 
numbers are quite low, and manured soil, where their numbers 
are extremely high, plate counts have ranged from about 2,000,000 
per gram to about 60,000,000 per gram. 

The mere fact that the majority of the bacteria developing 
on plates made from soil are non-spore-formers suggests that 
these bacteria are important in soil; but still stronger evidence 
of their importance comes from the fact that they fluctuate 
greatly in numbers. In this respect they differ greatly from the 
spore-forming bacteria, which as already mentioned (Conn 
1916 b) are relatively constant in numbers. In one series of 
samples of field soil taken from one plat at intervals for three 
years, the plate count of non-spore-formers has varied from 
5,000,000 to 44,000,000 per gram; while all the other organisms 
growing on the plates (spore-forming bacteria and Actinomy- 
cetes) have varied only from 3,200,000 to 10,500,000 per gram. 
In another series of tests of field soil from a different locality, 
carried on throughout a period of two years, the number of puncti- 
form colonies (complete counts of the non-spore-formers not 
having been made in this case) varied from 2,000,000 to 25,000,000 
per gram; while the number of all the other colonies varied only 
from 1,700,000 to 8,800,000 per gram. 

Even more striking fluctuations have been observed in pot 
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experiments. The aeration brought about by potting soil is 
generally admitted to cause an increase in the numbers of bac- 
teria. In the course of the present work it has been noticed 
that the numbers of spore-formers and Actinomycetes remain 
about constant after aeration, and that only the non-spore- 
formers increase noticeably. A good illustration of this is given 
in table 1, in which it can be seen that during the first week or 
two after aeration the count of rapid-liquefying non-spore- 
formers rose to about four times its normal height, the count 
of punctiform colonies to twice normal, while the number of 
colonies of all other kinds remained constant. 

Table 2 shows an even more striking illustration of the fluctua- 
tions in numbers of non-spore-formers. In this case the ef- 
fects of manuring are added to the effects of aeration. During 
the two weeks after manuring the number of rapid-liquefying 
colonies of non-spore-formers and the number of punctiform 
colonies have each increased to about one hundred times nor- 
mal, while the number of colonies of all other kinds have not 
more than doubled (which apparent doubling in number may 
be due to the inaccuracy introduced by the high dilutions neces- 
sary). 

TABLE 1 
Plate counts of aerated soil 
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NON-SPORE-FORMING BACTERIA wns Qbean- 
Sankhinamant FORMERS AND 
TIME SINCE AERATION pid-liquefying : : ACTINOMY- 
eslenies Punctiform colonies cures) 





Pergram jPercent| Pergram j|Percent| Per gram 

















EP pees 350,000 2.2 | 11,000,000 | 73.5 | 4,700,000 
epee ee 1,500,000 | 5.5 | 22,500,000 | 80.5 | 4,000,000 
5 days...............4..2+++++.} 1,250,000 | 5.5 | 18,000,000 | 79.0 | 3,000,000 

13 days.........................| 1,500,000 | 5.0 | 24,000,000 | 78.5 | 4,500,000 

22 days.....................++++| 1,000,000 | 5.0 | 16,000,000 | 79.0 | 5,000,000 

NE Eo cet slduedone te 300,000 | 2.2 | 10,000,000 | 77.0 | 3,200,000 

3 months, 25 days.............. 700,000 2.2 | 27,500,000 | 85.5 | 4,500,000 

4 months, 8 days............... 300,000 1.6 | 16,000,000 | 85.0 | 2,700,000 

4 months, 10 days.............. 600,000 | 2.3 | 23,000,000 | 85.0 | 2,400,000 

4 months, 15 days.............. 350,000 1.5 | 19,000,000 | 80.0 | 4,700,000 

7 months, 16 days..........<5+. 150,000 1.0 | 12,000,000 | 76.0 | 4,000,000 

eer Ce 1.2 | 4,800,000 | 60.0 | 3,000,000 
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TABLE 2 
Plate counts of manured soil 
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(Unmanured)...................| 100,000} 1.0 | 3,400,000) 34.0 | 6,500,000 
1 day..........6.0000000++.e02+| 4,700,000 | 2.3 | 190,000,000) 95.0 | 5,000,000 
3 days.......................-| 25,000,000 | 6.0 | 370,000,000! 93.0 | 5,000,000 
6 days.........................} 28,000,000 | 8.8 | 280,000,000) 90.0 | 12,000,000 
9 days...................+..++| 29,000,000 | 18.0 | 125,000,000) 78.0 | 6,000,000 
15 days.............+.+++++++++| 38,000,000 | 19.0 | 150,000,000| 77.0 | 12,000,000 
19 days......................++-] 10,000,000 | 15.0 | 48,000,000/ 73.0 | 8,000,000 
1 month.......................| 4,500,000! 6.5 53,000,000! 76.0 | 12,500,000 
1 month, 15 days 2,000,000 | 4.5 | 32,000,000) 72.0 | 10,000,000 
2 months.......................| 2,300,000} 6.5 | 27,000,000; 73.0 | 6,700,000 
BB ccc wcccccccccccscsessl] BL 68 15,000,000 67.5 | 5,500,000 
I cit anc eckes caseet 150,000} 1.3 7,000,000) 66.0 | 3,850,000 
SN ss cccelbhucus ein 450,000 | 3.0 8,500,000) 55.0 | 6,500,000 
12 months 200,000 4,200,000) 52.5 3,600,000 

















Significance of the non-spore-forming bacteria in soil 


The great abundance of non-spore-formers in soil is not neces- 
sarily proof that they are important. It has been emphasized 
again and again in the past that the most abundant bacteria in 
soil may not be the most important ones. It has been insisted 
that the function of any kind of organism must be shown be- 
fore its importance in soil can be admitted. This argument is 
unquestionably correct, but has caused too much emphasis 
to be laid upon the functions of the organisms rather than upon 
their abundance. It has often been assumed that because a 
given type of soil microédrganism can produce a certain chemical 
change in pure culture, it is the cause of the same chemical 
change in soil, without further investigation to see whether it 
occurs in active form in soil in which that chemical change is 
taking place, or whether the active individuals are numerically 
important. This error was made when it was assumed that 
members of the B. subtilis group were important ammonifiers 
in soil. 
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The conclusions drawn in the present work do not depend 
upon mere numerical predominance of the non-spore-forming 
bacteria. They are based on the fact that when any change in 
soil conditions causes an increase in the number of bacteria 
present, the greatest increase always seems to occur in the group 
of non-spore-forming bacteria. This plainly indicates that 
they are active in soil; and considering that they comprise over 
half the soil flora, it is hard not to believe that they are im- 
portant. 

From the small amount of information at hand, however, it 
is impossible as yet to draw definite conclusions as to their func- 
tion. Ps. fluorescens is known to be an ammonifier, and in the 
past has been acknowledged to be abundant in manure. This 
organism, together with the other rapid-liquefying types, have 
unquestionable proteolytic powers, and are probably active in 
the decomposition of manure (and perhaps other organic mat- 
ter). The “slow-growers,” however, liquefy gelatin so slowly 
(if at all) that the extent of their proteolytic ability is question- 
able, and their activity in soil remains an unsolved problem. 
Nevertheless the increase in punctiform colonies after the addi- 
tion of manure to soil suggests that in this experiment at least 
they took part in some phase of the decomposition of manure. 

The nitrifying organisms originally described by Winogradsky 
are asporogenous bacteria, and the idea has suggested itself 
that nitrification might be the function of the organisms studied 
in the.present work. All the present cultures, however, were 
obtained from gelatin plates and it is not likely that any of the 
forms which grow on gelatin are nitrifiers, since Winogradsky’s 
nitrifiers did not grow on gelatin. Nevertheless the possibility 
is not entirely ruled out of court, because in the present work 
the gelatin has been of a different composition and the general 
technic quite different from that used by Winogradsky and others 
who have studied the nitrifiers. For this reason about ten cul- 
tures, isolated from punctiform colonies, were inoculated into 
a mixture of sand and Omeliansky’s solution, but no signs of 
nitrite appeared. No definite statement, of course, can be 
made on the basis of such meager data, and when a more com- 
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plete study of these organisms is made, nitrifying power is one 
of the tests that must be included. For the present their func- 
tion in the soil remains a matter of speculation. 


Vv. ACTINOMYCETES IN SOIL 


The third large group of soil microérganisms, the Actinomy- 
cetes, are generally spoken of as higher bacteria, but are some- 
times considered to belong with the higher fungi rather than 
with the bacteria. Especial attention is now being given to 
these organisms at the New York Agricultural Experiment 
Station. A study is being made of their physiological activities 
in soil and in culture media, and of the constancy of the various 
characteristics that may be used for the separation of species. 
The present paper is merely a report of progress on this study. 
A more complete publication on the subject may be expected 
later. 


Historical 


The question of nomenclature. The first species described 
well enough so that it can possibly be recognized today is Actino- 
myces bovis Harz 1877, the cause of bovine actinomycosis. The 
name Actinomyces, however, is by no means generally accepted 
for this genus. The names Streptothriz, Nocardia, Cladothrizx 
and Oospora are often used to refer to this genus or to some 
part of it. Of these names Streptothriz is used nearly as often 
as Actinomyces, but is untenable, because it was preémpted by 
Corda in 1839 for a genus of true fungi. Cladothriz is applied 
to a definite genus of higher bacteria (of which C. dichotoma 
Cohn is the type) which is distinctly different from Actinomyces. 
Oospora is the name of an ill-defined genus of higher fungi, of 
which the best known member, 0. lactis, bears no resemblance 
to Actinomyces. 

The only tenable generic names for these organisms are Actino- 
myces Harz, 1877 and Nocardia Trevizan, 1889. Of them, 
Actinomyces must be preferred on grounds of priority, provided 
only one generic name is used for all these organisms. Nocardia 
may be used for one section of the group when it is subdivided; 
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but attempts to subdivide it have so far proved unsuccessful. 
Eventually it will probably be broken up; but the recognition 
of genera must be preceded by the recognition of species, and 
as yet there is no species definitely enough described to serve as 
a type for Nocardia. Besides animal pathogens, perhaps the 
only recognizable species is the cause of potato scab, which was 
originally called Oospora scabies by Thaxter. For the present 
the genus Actinomyces Harz, em. Gasperini, is best left undivided. 

Classification. The literature is full of names of species of 
Actinomycetes that have not been described sufficiently for 
recognition. Early investigators cultivated these organisms on 
the ordinary complex organic media which are of variable com- 
position and are not especially adapted to the growth of these 
peculiar types. On such media their growth is likely to 
be variable and non-characteristic; which fact prevents the 
recognition today of most of the species described in earlier years. 

Krainsky (1914) was the first to describe the characteristics 
of these organisms on media of definite chemical composition. 
His work was important in calling attention to the value of 
such media; but even his species are difficult to recognize. Waks- 
man and Curtis (1916) also used media of definite chemical 
composition; but as they did not use Krainsky’s media, it is 
impossible to tell whether their species are new or are the same 
as previously described by Krainsky. It has scarcely been 
recognized in the past what remarkable differences the same 
species may show when growing on medja of slightly different 
composition. 


Methods of characterization 


In the present work, most stress has been laid upon cultural 
features in characterizing types. There is reason to hope, how- 
ever, that in a final classification the broadest sub-divisions may 
be based upon differences in morphology. There are some 
quite striking differences in shape and size of conidia and fila- 
ments; but a thorough study of their constancy must be made 
before they can be used for the purpose of classification. 

The greatest aid yet found in classifying these organisms has 
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been the use of glycerin in synthetic media. The use of glycerin 
agar for stimulating their growth is not a new idea. It was used 
in the earliest studies on Actinomycetes; but apparently the 
early investigators added glycerin to the ordinary complex organic 
bacteriological media and so failed to obtain its full value in 
the separation of species. The best media so far found for this 
purpose are agar media containing 1 per cent of glycerin and 
either malic or citric acid. On these media the growth may be 
of almost any color in the spectrum, and almost as many dif- 
ferent colors have been observed in the aerial mycelium as in the 
mass of growth beneath; while the medium itself may be colored 
red, orange, brown, gray, yellow, green or blue. The colors 
observed in the medium, in the growth, and in the aerial 
mycelium frequently differ greatly from each other; so the num- 
ber of possible variations in chromogenesis is almost endless. 
The pigment production by any one strain in the same medium, 
however, is fairly constant. 

Other agar media of definite chemical composition have also 
proved of some use. The test for nitrate reduction is also of 
value in characterizing types; but special media must, be used, 
because of the poor growth of Actinomycetes in the ordinary 
nitrate broth. 

The results of this investigation of methods have shown the 
fallacy of trying to establish species at present. Every new 
medium that has been devised has served to break up still further 
the types already recognized. This process is likely to continue 
for some time, as new media are investigated. The only way 
in which previously described species can be recognized after 
new methods are used in classification is to study cultures of 
the original strains obtained from their authors. 


Classification 


About three hundred cultures have been studied. They have 
been classified into about seventy different types by means of 
the tests just mentioned. As the cultures were obtained by 
the direct plating technic without preliminary cultivation or 
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incubation at special temperatures, and as no wide search for 
different varieties was made, the number of types present in 
soil may be twice or three times the number found. It is not 
impossible that the Actinomycetes are as rich in species and as 
diverse in function as the lower bacteria. Only three of the 
types recognized have been found to be of common occurrence 
in the soils investigated. None of them are to be considered 
distinct species.® 

Only one of the types studied so far has been found to agree 
with any species previously given a definite description. Cer- 
tain cultures have proved to have the characteristics of A. diasta- 
to-chromogenus Krainsky. These cultures, however, include 
strains of the potato scab organism, and if all one species, must 
be called A. scabies. This is one of the fairly common soil types; 
but as the pathogenicity of the cultures has not yet been tested, 
it is not known whether the potato scab organism has actually 
been isolated from the soils studied. 


Recognition of colonies on plates 


The best medium so far found for distinguishing the different 
types of Actinomycetes on platesis the asparaginate-glycerin agar 
mentioned in the second paper of this series. Unfortunately, 
however, some of the most common soil types produce non- 
characteristic colonies on it. Work is now in progress with the 
object of obtaining a more satisfactory medium for this purpose. 


Distribution of Actinomycetes 


The members of this group are very widely distributed in 
nature. As pathogens they do not seem to be as abundant as 
the lower bacteria; but as saprophytes their distribution com- 
pares with that of the true bacteria. Soil seems to be the natural 
habitat of the saprophytic forms. To anyone familiar with 
these organisms, the very odor of soil is proof enough of their 
abundance in it. 


‘ Brief descriptions of the most abundant types are given in Technical Bul- 
letin No. 60 of the New York Agricultural Experiment Station. 





SOIL FLORA STUDIES 153 


Their great abundance in soil was discussed in a recent pub- 
lication (Conn, 1916 a) in which it was also mentioned that 
more Actinomyces colonies developed on plates from sod soil 
than on plates from cultivated soil. They were found to com- 
prise about 20 per cent of the total flora in cultivated soil and 
about 37.5 per cent in sod soil. This difference between sod 
and cultivated soil in Actinomyces content is usually indicated 
even by the odor of the soil. 

It has been noticed in the past that Actinomyces cultures 
can be isolated from the roots of certain plants. This, together 
with the observation just noted and with the fact that potato 
scab is caused by an Actinomyces, raised the question whether 
the presence of grass roots might not cause an increase in num- 
bers of Actinomycetes in soil. The experiment has therefore 
been tried of mixing grass roots with soil and observing the 
effect on the Actinomyces content of the soil. A greater pro- 
portion of the colonies on the plates made from this soil were 
found to be Actinomyces colonies than on the plates made from 
similar soil without grass roots; nevertheless the results of the 
experiment can hardly be considered conclusive. 


Significance of Actinomycetes in soil 


The common occurrence of Actinomycetes in soil has led to 
many speculations as to their significance. Ammonification, 
nitrate-reduction, and cellulose-decomposition have at one time 
or another been definitely assigned to these organisms as their 
function in soil. Generally, however, such conclusions have 
been drawn from observations in pure culture, which do not 
necessarily show what their activities may be under soil condi- 
tions. It is very likely that certain types of Actinomycetes 
may carry on the activities assigned to them; but only a com- 
paratively few varieties have been studied, and observations 
as to these few cannot logically be applied to the very diverse 
Actinomyces flora of soil. 

The statement has sometimes been made that Actinomycetes 
are concerned in the decomposition of manure. In this respect, 
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the results of the experiment reported in the preceding paper 
(table 2) are rather surprising; for in that case the numbers of 
Actinomycetes developing on the plates remained almost con- 
stant after the addition of manure. Although this experiment 
by no means disproves their activity in the decomposition of 
manure, it emphasizes the fact that more work is needed before 
their part in such activities can be definitely determined. 

As already mentioned (Conn 1916 a), the abundance of these 
organisms in sod soil suggests that they take part in the de- 
composition of grass roots. Whether this is the true explana- 
tion or not, the facts in regard to sod soil and soil to which grass 
roots are added indicate that Actinomycetes are active in soil. 
In this respect they are to be compared with the non-spore- 
forming rather than with the spore-forming bacteria. 
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Since the definite recognition of the fact that bacteria, for 
the most part at least, are to be classed with plants rather than 
with animals, several names have been proposed to designate 
the entire group. The following may be noted: 

Schizomycetes Naegeli 1857, p. 760. 

Bacteriaceae Cohn 1872 a, p. 237. 

Bacteria Cohn 1872b, p. 136. 

Schizomycetaceae DeToni and Trevisan 1889, p. 923. 

The bacteria as a group have received different ranking from 
various workers. Their exact position in the botanical scheme 
has also received different interpretations. Some authors 
have regarded the bacteria as constituting a family, others 
have called the group an order, still others a class. The most 
commonly accepted ranking at the present seems to be to place 
the Schizophyceae (blue green algae) and the Schizomycetes as 
coérdinate classes of the phylum Schizophyta. The name 
Schizomycetes apparently has priority as a class name, and is 
entirely suitable and valid. It may be characterized as follows: 


Schizomycetes Naegeli (1857, p. 760) char. emend. Migula 
(1894, p. 235) 


Typically unicellular plants, cells usually small and relatively 
primitive in organization. The cells are of many shapes, spherical, 
cylindrical, spiral or filamentous; cells often united into groups, 
Jamilies or filaments; occasionally in the latter showing some dif- 
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ferentiation among the cells, simulating the organization seen in 
some of the blue-green, filamentous algae. No sexual reproduction 
known. Multiplication typicaily by cell fission. Endospores are 
formed by some species of the Eubacteriales (see below), gonidia 
(conidia, arthrospores) by some of the filamentous forms. Chloro- 
phyll is produced by none of the bacteria (with the possible excep- 
tion of a single genus). Many forms produce pigments of other 
types. The cells may be motile by means of flagella; some of the 
forms intergrading with the protozoa are flexuous, a few filamentous 
forms (as Beggiatoa) show an oscillating movement similar to that 
of certain of the blue green algae (as Oscillatoria). 

The bacteria have been subdivided in many different ways. 
Cohn (1872) recognized four main divisions, or families, as he 
termed them; Spherobacteria for the cocci, Microbacteria for 
the short, non-filamentous rods, Desmobacteria for the longer, 
filamentous rods and Spirobacteria for the spiral forms. Later, 
in his classification of 1875, the bacterial genera were distributed 
under the two tribes into which he divided the Schizophyta 
(comprising both the blue green algae and the bacteria). The 
tribe Gloeogenae included those forms in which the cells are not 
united into filaments and the tribe Nematogenae those in which 
the cells occur in filaments. 

Winter (1879) did not recognize groups among the bacteria 
higher than the genus, except that he placed the genera Sphaero- 
tilus and Crenothriz in an ‘‘Anhang”’ to the bacteria. 

Zopf (1883) subdivided the bacteria into four families, Coc- 
caceen, Bacteriaceen, Leptothricheen, and Cladothricheen. The 
first family included only Leuconostoc, a spherical organism occur- 
ring in chains, the remaining families all included cocci, short 
rods, long rods and filaments and, in the last family named, 
spirals, as stages in the growth of the organism. The second 
showed no differentiation of base and apex of filament, the third 
showed a contrast between base and tip and the fourth showed 
pseudobranching. 

De Bary (1884) used as a primary division the ability of the 
organisms of one group to develop endospores and of the other 
to produce arthrospores. 
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Zopf (1885) expanded his classification of bacteria, but used 
the same four main divisions as in his earlier discussion (1883). 

Hueppe (1886) followed De Bary in dividing the bacteria into 
two groups, those forming endospores and those with arthro- 
spores. The family Leptotricheen is given as an Anhang. Later 
(1891) he abandoned the scheme here outlined as a primary 
grouping. 

Fliigge (1886) divided bacteria into those which are spherical, 
rod shaped, spiral and those with variable growth forms. 

The work of Winogradsky (1888) on the sulphur bacteria 
emphasized their importance as a group perhaps codérdinate 
with the true bacteria. 

Schroeter (1886) divided the class Schizomycetes into three 
orders: Cocobacteria for the spherical forms, Eubacteria for the 
rod forms, and Desmobacteria for the larger filaments, usually 
possessing a definite sheath. 

De Toni and Trevisan (1889) divided the family Schizomy- 
cetaceae into three subfamilies (equivalent to the orders of Schroe- 
ter). These are: Trichogenae, the filamentous, frequently 
sheathed bacteria; Baculogenae with isolated rod shaped cells 
or with cells in chains (not filaments); and Coccogenae with 
spherical cells. 

Ludwig (1892) recognized as the primary divisions cocci, 
rods and filaments (usually sheathed). 

Thaxter (1892) called attention to the existence of a very 
distinct group of bacteria which he included in his family, 
Myzxobacteriaceae. These organisms are characterized by the 
development of a pseudoplasmodial motile stage and a fruiting 
stage in which complex fruiting structures resembling those of 
the slime molds are formed. 

Hueppe (1895) used five coérdinate divisions (families) Coc- 
caceae, Bacteriaceae, Spirobacteriaceae, Leptothricheae and Clad- 
othricheae. 

Migula (1894, 1895, 1897) also recognized five families of 
bacteria, Coccaceae, Bacteriaceae, Spirillaceae, Chlamydobacter- 
taceae and Beggiatoaceae. 

Fischer (1895) divided the bacteria into the two subclasses 
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Haplobacteriacei and Trichobacteriaceit. The latter included 
those types whose vegetative phase consists of unbranched or 
branched filaments or chains of cells, the individual members 
of which break off as swarm spores or gonidia, the former those 
whose cells are not typically filamentous. 

Lehmann and Neumann (1896) divided the microérganisms 
included by most authors among the bacteria into three codrdi- 
nate groups, Schizomycetes or fission fungi (true bacteria), Hypho- 
mycetes (later Actinomycetes) or thread organisms showing true 
branching and the fission algae including other filamentous 
forms evidently closely related to the algae. 

Chester (1897) recognized six orders (families) of bacteria, 
Coccaceae, Bacteriaceae, Spirillaceae, Mycobacteriaceae, Chlamydo- 
bacteriaceae, and Beggiatoaceae. 

Jennings (1899) proposed that the two principal groups of 
the bacteria should be Paraschizae and Diaschizae, to include 
organisms which multiply by longitudinal and by transverse 
division respectively. 

Migula (1900) divided the class Schizomycetes into two orders, 
the Eubacteria or true bacteria and the T'hiobacteria or sulphur 
bacteria. 

Kendall (1902) used in the main the classification proposed 
by Chester, but merged the family Mycobacteriaceae with Bac- 
teriaceae. 

Fischer (1903) recognized the two orders Haplobacterinae and 
Trichobacterinae. 

Erwin. F. Smith (1905) followed Migula’s (1900) scheme of 
ordinal designation, but added a third order, Myzxobacteria. 

The discovery by Schaudinn (1905) of the causal organism 
of syphilis and the interest during the past decade in the relapsing 
fevers and the protozoan diseases has called particular attention 
to the spiral microérganisms, particularly the flexuous forms 
usually termed spirochetes. There is no agreement at the pres- 
ent time as to the position of these forms either among the true 
bacteria or the protozoa. Blanchard (1906) put the genus 
Spirochaeta with Trypanosoma in the Trypanosomidae. Swel- 
lengrebel (1907) included these forms with the bacteria in the 
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Spirillaceae. Doflein (1911) placed them among the protozoa. 
Dobell (1911) used the group name Spirochae loidea. Gross 
(1912) included them under Spironemaceae, as did also Gonder 
(1914). 

Lotsy (1907) followed the bacterial grouping proposed by 
Fischer, but added Myzobacteria as a coérdinate order. 

The work of Ellis (1907) and of Molisch (1910) has emphasized 
the sheathed filamentous or iron bacteria and their importance 
as a bacterial group. 

Jensen (1909) has proposed that the bacteria be divided into 
the two orders Cephalotrichinae and Peritrichinae, the former 
to include those bacteria which are the more primitive and are 
typically water forms; endospores produced only in a few sul- 
phur free bacteria; cells spherical, rod shaped or spiral; secur- 
ing their growth energy almost exclusively by oxidative processes; 
cells motile or non motile, if the former the flagella polar, never 
diffuse. In the Peritrichinae on the other hand, the cells are 
either spherical or rod shaped, never spiral; peritrichous or 
non-motile; not typically primitive water forms and usually 
not securing growth energy solely by oxidative processes. 

Heim (1911) differentiates between the true bacteria or Schizo- 
mycetes and the thread bacteria or T'richomycetes. 

Kolle and Hetch (1911) recognize the fission fungi, divided 
into Cocci, Bacilli and Spirilla, and the fission algae including 
the sulfur bacteria, the iron bacteria and the Sireptothricaceae. 

Schneider (1912) divides the Schizomycetes into seven codérdi- 
nate families, Coccaceae, Bacteriaceae, Spirillaceae, Spirochaetaceae, 
Mycobacteriaceae, Chlamydobacteriaceae and Beggiatoaceae. 

Benecke (1912) recognizes two orders, Haplobacterinae with 
six families and Desmobacterinae with one family. 

Engler (1912) differentiates the Eubacteria with six families 
and Thiobacteria with two families. 

Vuillemin (1913) insists that the group Microsiphonees includ- 
ing the higher filamentous forms should be separated from the 
Schizomycetes. 

A review of these groups show them to be based in the various 
classifications upon different characteristics. Unfortunately but 
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few authors have included all the forms commonly grouped 
with the bacteria, so that the classifications do not coincide 
in the types considered. 

Some authors (as Cohn (1872), Zopf (1883), Fliigge (1886), 
De Toni and Trevisan (1889), Ludwig (1892), Hueppe (1835), 
Migula (1897), Chester (1901), Kendall (1902), Schneider (1912) ) 
based their primary groups upon the shape of the bacterial cells, 
usually recognizing filamentous forms as one of the groups. 
This in the various classifications gave rise to from three to six 
or eight coérdinate groups. 

A few authors (De Bary (1884), Hueppe) have differentiated 
organisms as endosporous and arthrosporous. A fuller knowledge 
of the life history of the various microérganisms has led to an 
abandonment of this grouping as not tenable. 

The work of Winogradsky (1888) and others on the sulphur 
bacteria has led some authors (as Migula (1900), E. F. Smith 
(1905) Engler (1912) ) to recognize the true bacteria (Hubacteria) 
and the sulphur bacteria (Thiobacteria), as primary coérdinate 
groups. 

The studies of Thaxter (1892 et al) has induced a few authors 
to recognize the Myxobacteria as an important group. Among 
such are Lotsy (1912), Smith (1905) and Engler (1912). 

The differentiation of bacteria on the basis of true filament 
production (not merely chain formation) was first suggested by 
Cohn (1875) and has been used as a primary grouping by De 
Toni and Trevisan (1889), Fischer (1895), Lehmann and Neu- 
mann (1896), Fischer (1903), Lotsy (1907), Heim (1911), Benecke 
(1912) and Vuillemin (1913). In many respects this has ap- 
pealed more strongly than any other basis of differentiation to 
a majority of taxonomists in recent years. 

The suggestion of Jennings that bacteria should be separated 
into those which divide longitudinally and those which divide 
transversely has never met with favor. The order Paraschizae 
was based upon Metchnikoff’s (1888) genus Pasteuria which is 
generally regarded as not belonging with the bacteria and the 
genus Astrobacter described by Jennings based upon stained 
mounts from stagnant water prepared to show the flagella of 
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Spirillum undula. This latter genus Astrobacter was never 
recognized in a living condition. The evidence that bacteria 
were actually observed is by no means conclusive. Jennings’ 
grouping can therefore scarcely be regarded as valid. How- 
ever, it is possible that the differentiation might be revived for 
the separation of the true bacteria and the forms more closely 
related to the protozoa. 

The evidence brought forward by Schaudinn (1905) and his 
followers in the study of the spirochetes makes it probable 
that they should either be located definitely among the protozoa 
or as a main group among the bacteria showing many intermedi- 
ate characters. 

The work of Ellis (1907) and of Molisch (1910) has emphasized 
the individuality of the iron bacteria, justifying certain of the 
earlier writers in regarding them as one of the principal groups 
of the Schizomycetes. 

Jensen’s classification of bacteria into Cephalotrichinae and 
Peritrichinae has much that is attractive, but a careful study of 
his proposed groupings shows that they are not well defined. 

It would seem from a review of the literature and a considera- 
tion of the characteristics of the organisms that the following 
principal groups may be recognized among the bacteria or 
Schizomycetes: 

1. The true bacteria which include the forms most commonly 
studied in the laboratory; they are probably more primitive 
than other more highly differentiated groups. 

2. The thiobacteria characterized by certain relationships 
to sulphur. They all grow best in the presence of hydrogen 
sulphid, and always contain sulphur granules or bacteriopur- 
purin or both. 

3. The myxobacteria showing a pseudoplasmodial stage, and 
fruiting stages resembling in some respects those of the siime 
molds. 

4. The iron bacteria, usually sheathed, frequently growing 
in water containing iron and with a deposit of iron oxid in the 
sheath; typically water forms without true branching, showing 
relationships with the algae. 
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5. The thread bacteria or ray fungi which show a filamentous 
form, frequently with true branching. Not water forms. As 
a group intergrading with the fungi. 

6. The spirochetes, slender organisms usually spiral and fre- 
quently flexuous, showing many characteristics relating them 
to the protozoa. 

In each of the groups here indicated, except the true bacteria, 
there is a definite specialization in some direction; forms which 
are close to the true bacteria are to be found in each group, while 
others within the group may show an approach to the algae, 
the fungi or the protozoa. 

If the group Schizomycetes is to be regarded as a class, the 
subgroups should receive ordinal names. They may be termed 
the EHubacteriales, Thiobacteriales, Myxobacteriales, Chlamydobac- 
teriales, Actinomycetales and Spirochaetales, respectively. 

The following key to these orders gives the most striking of 
the differential characters. 


A. Plant-like in the principal characters, not protozoan like, cells never slender, 
flexuous spirals; cell division never longitudinal. 
I. Not producing a pseudoplasmodium during the vegetative stage; 
without a highly developed, cyst-producing, resting stage. 

a. Containing neither granules of free sulphur, nor bacteriopurpurin, 
nor requiring the presence of hydrogen sulphid for the best 
development. 

1. Not typically producing filaments as a regular growth form, 
though chains of cells may be developed. Conidia not 
developed, spores when formed are endospores. 

Order 1. Eubacteriales 

2. Typically producing true filaments as a regular growth form. 
Conidia may be developed, but never endospores. 

(a) Alga-like, typically water forms. Filaments never 
showing true branching; false branching may be 
present. A sheath usually evident, and usually im- 
pregnated with iron. 

Order Il. Chlamydobacteriales 

(b) Mold like, not typically water forms, nor with the 
sheath impregnated with iron. True branching 
often evident. 

Order LILI. Actinomycetales 

b. Cells typically containing either granules of free sulphur or with 
bacterio-purpurin or both, usually growing best in the presence 
of hydrogen sulphid. 


Order LV. Thiobacteriales 
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Il. Cells united during the vegetative stage into a pseudoplasmodium 
which passes over into a highly developed, cyst-producing, resting 
stage. 

Order V. Myrobacteriales 

B. Protozoan-like in many characters. Cells usually relatively slender flexuous 

spirals; multiplication of cells apparently by longitudinal division in some 
types, by transverse division in others, or both. 

Order VI. Spirochaetales 
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It is a difficult feat of the imagination to reconstruct the path 
of evolution of any group of organisms, especially that of the 
bacteria. In all cases certain difficulties are encountered; but, 
whereas among the higher organisms one is troubled by the lack 
of transitional types, the main difficulty among bacteria lies 
in the superabundance of intermediate strains. Moreover, 
while, among the former, one is guided chiefly by gross structural 
distinctions, among the latter, one has to rely to a great extent 
on the finer biochemical and metabolic differences. Yet an 
attempt to trace the evolution of these simple cells may well lead 
to a clearer conception of the character of the organisms and 
the nature of their adaptation to a saprophytic, parasitic or 
pathogenic mode of life. 

Impossible as it may be to say with certainty when and how 
bacteria originated, the evidence, little as it is, seems to point 
to these minute unicellular organisms as among the most prim- 
itive of living forms. The simple structure of the cell and 
the absence of a formed nucleus mark them as possibly the sim- 
plest type of cell. The ability of some types to subsist on simple 
inorganic substances (CH,, NH;, and CO,) without the aid of 
sunshine, and the sensitiveness of all bacteria to the action of 
sunlight suggest their existence on this planet prior to the ap- 
pearance of plant life or the penetration of the rays of the sun 


1For a full discussion of the subject see the article by Henry Fairfield 
Osborn on The Origin and Evolution of Life upon the Earth, Scientific 
Monthly, 3, 1916. 
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through the voleanic vapors. Finally, Walcott’s discovery of 
bacteria closely resembling our nitrogen fixers of the soil in 
Algonkian deposits is an added proof of the primitiveness of 
these microbes. 

The intimate dependence of both plants and animals on bac- 
teria and their activities tends to strengthen the conviction 
that these microorganisms must have preceded the others. That 
plants are directly dependent on bacteria is well known. Plants 
cannot subsist without nitrates and soluble phosphates and 
both these substances, unless provided as chemical fertilizers, 
are rendered available in the soil through the action of bacteria. 
In the arid regions where plant life is absent Lipman found that 
bacterial life was also absent and where plants do exist they send 
their rootlets into that part of the soil where bacterial activity 
is most abundant. That animals cannot develop in the absence 
of microbial life is well illustrated by the futile attempts to 
cultivate amoebae without the aid of living or dead bacteria. 
Recently this relationship was even more strikingly emphasized 
by the experiments conducted by Loeb who, though successful 
in hatching adult flies from sterile eggs in sterile media, has so 
far failed to carry them through the second generation on sterile 
fruit, although fruit is the normal food of the fly in question. 

The story of the evolution of bacteria, like that of the higher 
forms, must be from the simple to the complex—but along a 
different line. Microbial evolution must be conceived as an 
adaptive development in the direction of mobilizing more and 
more molecules (enzymes) to enable the cell to utilize the more 
and more complex nitrogen and energy-yielding substances 
which accumulate in the soil as a result of their own and other 
biotic activity. It is the probable course of these adaptive 
modifications that I shall attempt to trace. 

It is well known that the smaller the body the greater, pro- 
portionately, are its energy requirements. Bacteria need only 
minute amounts of nitrogenous food but require a relatively 
enormous quantity of energy-yielding (carbon) compounds. 
It is, therefore, reasonable to expect the trend of bacterial 
evolution to have been in the direction of the utilization of a 
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wider range of energy-yielding substances. We know that most 
saprophytic bacteria (and even many of the parasitic forms) 
when supplied with a suitable carbon compound—usually 
glucose—can utilize etther NH; or NO; nitrogen. At the same 
time we find great diversity among them in their ability to use 
rarious carbon compounds. It is not merely an accident that 
bacteriologists have in recent years turned to carbohydrates 
and related substances for the differentiation of bacterial types. 
It is in this direction that greatest differentiation exists and this 
is most probably the path of early evolution. 

With the increasing deposits of decaying nitrogenous matter 
a new line of adaptation began. Accordingly we find that 
as we go higher in the scale of bacterial life the power of utilizing 
complex nitrogenous compounds (the amino-acids, the proteoses 
and even simple and complex proteins) comes more and more 
into play. 

The probability that the course of bacterial development was 
as suggested is strengthened by other evidence. The sparing 
effect that carbohydrates, (Kendall) aleohols (and, in all proba- 
bility, other energy-yielding substances) exert on the utilization of 
nitrogenous compounds, or, in other words, the preference shown 
by bacteria for carbonaceous food; the inhibitive influence that 
sugars have on the secretion of proteolytic enzymes (Kligler, Ken- 
dall and Walker); the preference shown by certain types of 
bacteria for the simpler carbohydrates as shown in the metabolic 
gradients, both among the colon-typhoid group and the cocci; the 
ability of a large number of bacteria to utilize a wide range of 
energy-yielding substances from formic through the other fatty 
acids, the triatomic alcohol and more complex sugars and alcohols; 
the ability of a considerable number of common bacteria to obtain 
their nitrogen readily from ammonia; and, finally, the inability of 
many of the common bacteria to utilize proteoses and complex 
proteins, though they can use simple amino-acids—all indicate an 
earlier and more deep-seated development of fermentative powers, 
followed by later adaptation in the direction of the elaboration 
of pepto- and proteolytic enzymes. 

This evolutionary process is observed in both group and 
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species development. The colon-typhoid bacteria and the 
streptococci form distinctive fermentative groups, while the 
aerobic and most of the anaerobic spore-bearing bacteria con- 
stitute distinctive proteolytic groups. At the same time there 
are members of the former groups that secrete proteolytic 
enzymes (B. cloacae, proteus forms, staphylococci, micrococci) 
while some of the aerobic and practically all the anaerobic 
spore-formers are capable of at least fermenting glucose, which, 
as is the case in the fermentative group, exerts a definite sparing 
effect on the secretion of proteolytic enzymes. The dominant 
and subordinate activities of these two groups indicate clearly, 
however, the sequence of their development. 

Nor are these functional changes entirely unaccompanied by 
structural modifications. In some cases, to be sure, such differ- 
ences are not discernible; in others, however, they are more 
marked. These structural differences are brought out in the 
behavior of the cells to stains—the ability of the cell to bind 
iodine, due, probably, to variations in the lipoidal content; 
the presence of definite granular (chromatin) material; the pres- 
ence of branching and, finally, the presence of spores. The 
simple fermentative types are gram negative, show no granular 
structure and bear no spores. The diphtheria and tuberculosis 
groups are gram positive, have a definite granular structure, 
possess little fermentative power but definite proteolytic activ- 
ity, the nature of which is not yet known. Finally, we have 
the usually gram positive spore-bearing bacteria with distinct 
proteolytic tendencies. 

In the course of their evolution, with the advent of plant 
and animal life, some of these micro-organisms have become 
adapted to a parasitic existence often to the detriment of their 
host. With this adaptation to the host there followed, usually, 
a loss or modification of function but a general relationship and 
resemblance to saprophytic ancestors remained. As a result 
we find in almost every group of bacteria (as in the case of other 
parasitic plants and animals) both parasitic and pathogenic, 
as well as saprophytic forms. In all these cases the presumption 
naturally is that the parasitic and pathogenic types are off- 
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shoots from the saprophytes and that the main line of evolution 
was carried on by the saprophytic bacteria in response to a 
particular selective environment.’ 

Glancing over the range of microbial life we find purely oxida- 
tive processes associated with the simplest and probably the 
most primitive bacteria—the prototrophic forms. These organ- 
isms derive their food from simple inorganic substances, the 
oxidation of C, N, S and Fe compounds furnishing the energy. 
It is not at all improbable that the four groups of oxidizers—the 
carbon, sulphur, iron and nitrogen oxidizers, respectively— 
arose at about the same time, independently of one another. 
Nevertheless it seems fairly certain from the important part 
played by carbon compounds in the vital activities of our common 
bacteria, especially as a source of energy, that the carbon oxidizers 
are the forerunners of the bacteria of today. Starting, there- 
fore, with methane, the simplest carbon compound, at the 
base line, the oxidizers of CO would follow and from them would 
arise in succession those organisms capable of utilizing COs, 
formic acid, acetic acid, alcohol, etc. Since the ammonia and 
nitrite oxidizers (or nitrifiers) also assimilate large amounts of 
carbon-dioxide, (Jensen) they would seem to fall in line along with 
those organisms capable of obtaining their energy from carbon- 
dioxide. 


? Whether these selective influences were exerted on slight cumulative varia- 
tions or on mutations does not effect the general argument. Examples of what 
may appear to represent one or the other mode of development exist. The slow 
transition from the aerogenes type through the B. cloacae to B. proteus may be an 
instance of gradual selection, while the abrupt transition from the non-spore- 
bearing to spore-bearing bacteria may well be cited as an instance of mutation. 
Fluctuating variations are abundant among bacteria due to the simple character 
of the cell and its intimate relation to the environment which renders it highly 
susceptible to external influences. As yet, true mutations have been definitely 
shown to occur only in a few isolated instances, where single cell cultures were 
used. But even in these cases the possibility of gradual selection cannot be 
excluded, since the newly acquired property (usually the power to ferment a given 
carbohydrate) manifests itself only after the colony is a few days old, in other 
words, after numerous generations have arisen from the single parent. In con- 
nection with the general thesis it is interesting to note that the new character 
acquired by these mutants is usually one already existing in some ancestral type 
of the group. 
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All these bacteria are strictly aerobic, depending on the oxygen 
of the atmosphere for their oxidative processes. At about this 
stage of evolution, however, with the accumulation of stable 
oxides, a new branch developed, differing from the main trunk 
in its power of utilizing combined oxygen for intracellular com- 
bustion. The prototrophic denitrifying bacteria described by 
various authors are most probably the progenitors of this group. 

This radical deviation from type gave rise to a new and distinct 
line. On the one hand we have the strictly aerobic, oxidative, 
usually gram positive, non-fermentative organisms with proteo- 
lytic tendencies and a complex cell structure—the nitrogen 
fixers (possibly the fluorescent forms fall in here), the diphtheria, 
tuberculosis and actinomyces groups; on the other hand we have 
the facultative aerobic, reducing (i.e., obtaining their oxygen 
from an oxy-compound), usually gram negative strongly fer- 
mentative simple cells—the aerogenes, colon, typhoid, proteus, 
septicemia groups. The striking and fundamental morphological 
chemical and immunological differences existing between these 
two groups leave no doubt that they represent two distinct lines 
of development. Moreover the relative stability and definite- 
ness of type characterizing the first group are indicative of a 
more remote origin while the relative instability and the large 
number of transitional forms found in the second group point 
to a more recent development. Recency of origin and instability 
of type run a remarkably paralel course.’ 

The line of descent from the prototrophic denitrifiers is en- 
tirely clear. The capsulated aerogenes group has in the last 
two years been definitely shown to be a saprophytic soil and 
grain type. Its relation to the so-called prototrophic deni- 
trifiers, though not altogether established, is borne out by its 
power to live in simple inorganic media and under certain con- 
ditions, even to fix atmospheric nitrogen (Léhnis). With more 
detailed study of soil bacteria it may even be possible to find 
intermediate forms. From this type two groups arise—one 
essentially parasitic, the other saprophytic. The parasitic 


+ The tuberculosis and dysentery groups respectively are examples of the two 
classes. 
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branch starts with the fermentative gas-producing B. coli types, 
which lose their fermentative character with increasing parasitism 
and develop intermediate forms ranging from the fermenters 
with gas through fermenters without gas to non-fermenting 
types. This leads through the typhoid and dysentery bacilli 
to the septicemia group. 

The second or saprophytic branch evolves by way of B. cloacae 
(almost identical with B. aerogenes, except for lack of capsule 
formation and the added variable power to secrete a tryptic 
enzyme) to the proteus group, which possesses more intense 
proteolytic properties developed at the expense of the fecmenta- 
tive powers. The B. vulgaris still actively ferments glucose 
and sucrose though, like the paratyphoid, it has lost the power 
to ferment lactose. Being saprophytic in character, however, 
it has developed the property (first manifested by the B. cloacae) 
of actively secreting a tryptic enzyme. This is manifestly 
the first type possessing both marked fermentative and proteo- 
lytic characters. From this type two lines of development are 
possible,—one, leading to the complete loss of fermentative 
powers (which appears to be the tendency in the whole group) 
and consequently a condition of more or less strict aerobiosis; 
the other, retaining both characters but undergoing other 
modifications. 

These two lines are represented by the aerobic and anaerobic 
spore-bearing bacilli, respectively. Just how and when spores 
evolved is, of course, impossible to say but there are many 
indications of the relationship between the spore-formers (aero- 
bic as well as anaerobic) and the B. proteus. The relationship 
with the former is shown by the existence of proteus-like, non- 
fermenting, strictly aerobic but, as yet, non-spore-forming bacilli 
which have been repeatedly reported by various authors. These 
are all soil forms. The kinship with the anaerobes is indicated 
by the constant association of the proteus bacilli with putre- 
factive processes; the inability on the part of the anaerobes 
(with the exception of B. welchii) to ferment lactose while still 
retaining the power to ferment glucose and to some extent 
sucrose; and, finally, by the marked acid hydrolysis of pro- 
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teins manifested by both groups of organisms. The transi- 
tion from facultative aerobiosis to obligatory anaerobiosis is 
not at all unusual among bacteria. Different degrees of sensi- 
tiveness to oxygen tension are manifested by closely related 
organisms in different groups (e.g., the cocci, the diphtheroids), 
and it is readily conceivable that an organism subjected to 
prolonged existence under anaerobic conditions would develop 
a high degree of sensitiveness even to traces of free oxygen. 

A third group of bacilli, which probably had its origin in the 
proteus family, is that of the pigmented bacteria, including 
B. prodigiosus, B. rubrum, ete. Like the proteus forms they are 
gram negative, peritrichic, liquefying bacteria, some of them 
also producing gas from glucose. Pigmentation is often found 
among the cloacae forms and in our collection there are yellow 
and red pigment producers isolated from water, both of which 
otherwise behave like typical B. coli. 

Returning again to the aerogenes group one finds many 
striking resemblances between these organisms and the capsu- 
lated chain-forming cocci. The similarity in the character of 
the capsule (solubility in acetic acid) ; the launcelate shape of the 
cell; the power of both to ferment inulin; their localization in the 
same organs causing similar disturbances; their active fermen- 
tative properties point to a rather close relationship. The fact 
that the chain bacteria are gram positive indicates a radical 
structural modification analogous to that in the spore-forming 
bacteria. Here, again, a comparatively recent development is 
indicated -by the marked instability of types. The non-cap- 
sulated streptococci are obviously related to the pneumococci 
while the milk streptococci are but little removed from the 
aciduric lactic acid bacilli, usually found in milk and milk 
products. 

While the course of the development of this large branch, 
composed of the so-called reducing bacteria can be traced with 
a fair degree of certainty, the path of descent of the main trunk 
consisting of the strongly aerobic and more complex forms is 
not quite as clear. The uncertainty regarding the latter group 
is attributable to at least two factors. It is due partly to the 
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fact that the metabolic activities of these organisms have not 
been studied as carefully and partly to the fact that, being the 
older and more stable group, many of the linking intermediate 
forms have disappeared and only the dominant types have re- 
mained. But even though the details remain somewhat obscure 
the general relationship is very clearly indicated. The sapro- 
phytes from which our second main stem arose are the nitrogen 
fixers of the soil (azotobacter), powerful oxidizers, oxidizing 
nitrogen to nitrates and ethyl alcohol to acetic acid (Jensen). 
Their nearest relative is the nitrogen fixer of the legumes which 
may really be considered a plant parasige localizing in the root 
of the plant and producing a reaction similar to that caused by 
the tubercle bacillus in the resistant animal body. As a parallel 
offshot to the B. radicicola we have the saprophytic acid fast 
bacteria (associated usually with grass), and their parasitic 
relatives, the various types of the tubercle bacillus. Recently 
the relationship between the acid fast forms and the actinomyces 
has been clearly established (Claypole). In this latter group, 
also, there are the soil saprophytes, associated with grass diges- 
tion (Conn), as well as human and animal parasites. Arising 
somewhere from the acid fast group there is the specific parasitic 
diphtheroid group which has been found nowhere (as far as I 
know) outside of the animal body. As parasites these are widely 
distributed in animal tissues, though, up to the present, 
only the diphtheria bacillus has been found to be definitely 
pathogenic. The relation of the diphtheria bacillus to the sporo- 
thrix is suggested by transitional forms found in the human 
mouth (Kligler). These organisms are highly pleomorphic 
showing thread, coccoidal and diphtheroid forms. They are 
fermentative, aerobic types. The oral cavity seems to be a 
favorite locality for the whole diphtheroid group.‘ 

While there is an apparent gap between the azotobacter and 
the acid fast bacilli, there are still many points of similarity. 
The acids fasts can thrive on a simple medium with ammonium 

‘ This localization may account for the fact that this group differs so markedly 


from the other members of the class in its power to ferment carbohydrates, 
particularly glucose and maltose. 
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compounds as a source of nitrogen and glucose as a source of 
energy, while recent investigation has brought out the fact that 
the azotobacter can assimilate free nitrogen more readily if glu- 
cose and a small amount of ammonia are supplied. The nodule 
nitrogen fixers with their branching cells and localized infective 
power with nodule formation show even more marked resem- 
blances to the acid fast bacteria. The whole group is characterized 
by absence of fermentative properties (except the diphtheroids), 
strict aerobiosis, a peculiar nitrogen metabolism the nature of 
which is not at all clear (this applies to all the members of the 
group), the gram positive reaction, a complex granular structure 
of the cell with a tendency towards branching and finally the 
peculiar local reaction often nodular in character which is pro- 
duced by the pathogenic varieties. 

The general parasitic character of the white staphylococci, 
their moderate fermentative character, lack of reducing and 
liquefying properties, together with their gram positive reaction 
and the diphtheroid character of their growth link them to the 
diphtheroid bacilli. From white cocci there arise the more 
highly parasitic and pathogenic staphylococci on the one hand 
and the saprophytic micrococci on the other. A group of 
transitional saprophytic albococci has been shown to exist (Wins- 
low), while yellow pigmentation is often observed among the 
diphtheroids. 

There is one group of organisms—the fluorescent forms— 
the position of which is hard to determine. We find soil nitro- 
gen fixers that produce fluorescence. On the other hand the 
fluorescent bacteria are strong ammonifiers, though they, like 
the nitrogen fixers, are aerobic and non-fermenters. Their 
simple structure, lophotrichic flagella and gram negative re- 
action mark them as simple bacteria. Perhaps they occupy 
an intermediate position. For the present we may place them 
with the oxidative bacteria. 

The vibrios are so closely akin to the fluorescent (or pseudo- 
monas) bacteria that their place in the scheme outlined depends 
on the position assigned to their related group. In fondness for 
oxygen, general proteolytic character, and in structure and 











seuomouBy jour 
svuowAXxOqgi¥9o 
| 


e119} 9Bq Axo 


| 
(@ANBPIxXO) ssexy usFoIQIU si9ytiyt S190N par “s19sN FN) 
si0ytiyuep orydoijoyne 
SOLIQIA 
‘seuowopnoasd 19398030728 
$9U970198 "¢ 
) | 

(sayisvaed yueid) 
S}s¥y poe BOODIPBl *g 199000}d9a148 
| VBIBO]O “GT poyernsdes 


| 


| 
| 19909 
| | | sno000 -oj}doi48 


sploisy3ydip stsoynoieqn} ‘gq se0AuIOUT}OB snajoid *g 1ydAy gq -ournoud yyra 


si01geqai10ds | s1018aq 910ds Tp]L9Bq 

| | dIqo1sVUB BIIB}ONG d1qo198 19900 o1498B] 

199000q|8 wo} xt1y3010ds juowaid eBtlaj}uasAp * -O)dol1js 91INpioe 
: il } xray} : ; t ; : 


| | 


(8034y doides) (suad0y4ed) dnoid vrureotydas 
199090J9TU 199000] {yde4s oIseyI0W0Y 








VIUALOVA AO SdNOUD SNOIUVA AHL AO dIHSNOILVIAU AIAVAOUd AHL AO ANITLNO OLLVAAHOS 














176 I. J. KLIGLER 


appearance of cell these groups resemble each other so closely as to 
make it at times difficult to differentiate them from one another. 

The accompanying diagram attempts to present in a schematic 
way by no means rigid or exact the probable lines of evolution 
of the different groups of bacteria. Much of it may be faulty 
and it is obviously incomplete, but in its essential outline it 
seems to me to be correct and helps to show these organisms in 
their probable relationship to one another as members of a single 
if diversified order. 
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Many species of animals are susceptible to the disease known 
as septicemia hemorrhagica or pasteurellosis. This disease 
has been reported in cattle, horses, reindeer, buffalo, fowls, 
rabbits, and pigs. When an organism has been isolated from an 
animal infected with septicemia hemorrhagica, it has usually 
been named according to the animals from which it has been 
isolated, as Bact. bovisepticum, Bact. avisepticum, or Bact. Renn- 
tierpasteurella. It is generally considered that these organisms 
are similar in morphological characters and in many of their 
biological properties. 

The object of the present work was to determine whether 
the members of this group could be differentiated by their 
cultural properties, especially by their biochemical action on the 
various carbohydrates. As the investigation has been limited 
to a study of biochemical characters, the summary of literature 
mentions only those works which have taken up these characters 
in detail. 

Table 1 gives a summary of the action of the different members 
of this group on the various carbohydrates, as determined by 
certain investigators. 

Table 2 shows the production of indol and phenol as recorded 
by various bacteriologists. 
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TABLE 1 





Action of members of the Septicemia Hemorrhagica group on the various carbohydrates 
as reported by Magnusson (1914), Vourloud (1907) and Schirop, (1908) 



















































































Variations in the production of indol and phenol as reported by certain authors 


ol Slelelel#] lglclelelglelel (Elel | E 
a aio al @le a) x Zz E 
g| &| 8/5) $/ 2) 8) §/8)8/8) 2/3) 8) 2/8) E ciel ele) é 
©] S| a) a] S| 2) 5) 8] 3) 3] 8] a) 2) 8) 5] 3] 9) 8/8) 318) 3 
1. Magnusson 
Renntierpasteurella..|+|) +)+)/+/—|—|—|—|+/—|+|-—|-—|-—|—|-|-|-—|-—|+/+ 
Bact. bovisepticum. .|+) +)+/+|—|—|—|—|+)—|+)—|—|-—|-—|-—|-—-|-|-| +/+ 
Bact. avisepticum....|-+| +/+|+|—|—|—|—|+/—|+|—|—|—|—|-|-—|-|-| +/+ 
2. Vourloud 
Bact. avisepticum....|+| —|+ —|-|-|-|-|+ —|-|-|-|-|+|+/+ 
3. Schirop | gEkea | | 
Schweineseuche......|—| tr.|+ -| —|+/- —|-| |-|+ 
Gefliigecholera........|+ tr.|+| -| | | —|+/—- -|-| +|+| 
+ Acid production. 
— No acid production. 
tr. Trace of acid. 
TABLE 2 








AUTHOR 


ORGANISM 


| INDOL | PHENOL 





Fliigge (1896) 


Buchanan (1911)........... 


Ligniéres (1910) 


Magnusson (1914).......... 


Moore (1916) 


Smith (1891) 





Bact. 
Bact. 
Bact. 


suisepticum 
buffaloseuche 
Renntierpasteurella 


Bact. 
Bact. 
Bact. 


avisepticum 
suiseplicum 
bovisepticum 


(Invariable characters) 


Bact. 
Bact. 


Renntierpasteurella 
avisepticum 


Bact. 
Bact. 
Bact. 
Bact. 


avisepticum 
cuniculicida 
suisepticum 
bovisepticum 


Bacteria of swine plague 


+++ +11 


+++ +41 


++++ 41 
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M’Gowan and Wang (1915) carried out a very extensive 
study of Bact. avisepticum with special reference to the change in 
the biochemical action of the culture as its virulence was in- 
creased by passing through a series of guinea pigs and rabbits. 
The results of their investigations show that the culture, which 
originally only produced acid from certain carbohydrates was 
so changed after passage through seven guinea pigs that it pro- 
duced acid and gas. They also found that cultures isolated 
from different sources varied to the extent that some produced 
only acid while others produced both gas and acid. 

The methods used in the investigation here reported are as 
follows: The acid fermentation of the different carbohydrates 
was determined in media prepared from sugar free meat infusion 
bouillon with the reaction adjusted to about +0.3, Fuller’s 
scale. To this sugar free bouillon 1 per cent of the various 
carbohydrates was added. An increase in acidity was very 
marked in some of the carbohydrate bouillons after sterilization. 
A number of tubes of the same carbohydrate bouillon were in- 
oculated with the same culture and incubated at 37°C. At 
rarious intervals, as indicated in the tables, tubes were removed 
and titrated. Other tubes which were not inoculated were 
titrated to serve as checks. The results of the titrations are 
expressed in the number of cubic centimeters of twentieth 
normal solution’ required to neutralize 5 ec. of the culture. 
A minus (—) indicates an alkaline reaction, and no sign indi- 
cates an acid reaction in the culture. 

The ten cultures used in this work are designated by the names 
given them by the bacteriologist who isolated the cultures. 
These had been held at stock cultures for varying lengths of 
time. The source of the cultures is as follows: 

Bact. bovisepticum was isolated August, 1914, from a case of 
septicemia hemorrhagica in a cow. 

Bact. avisepticum, J1 and J2, were isolated about 1911 from 
eases of chicken cholera. 

Bact. suisepticum was isolated about 1914 from the lung of a 
pig. 

1N/20 NaOH or N/20 HCl. 
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Kédlberpasteurella A-B and Bact. 


Renntierpasteurella 


A-B-C, were received from Magnusson about February, 1915. 
Bact. septicemia hemorrhagica was isolated about 1910 from a 


cow. 


Table 3 gives the detailed results of titrations of one of the 
cultures studied. The same number of titrations were made 


TABLE 3 


Action of Bact. suisepticum (no. 1) upon twenty carbohydrates 
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upon each of the other nine cultures. The cultures were all so 
similar that the general results only are reported in table 4. 
Cultures of Bact. avisepticum (J2) and Bact. Kdlberpasteurella 
(Magnusson A) were inoculated into rabbits. The rabbits died 
within twenty-four hours, and pure cultures of the organisms 
were recovered from the heart, liver, spleen, and kidney. Sub- 


TABLE 4 


GLYCERINE 


MANNIT 


| GALACTOSE 
XYLOSE 


| RAFFIN OSE 
| AMYGDALIN 
| ARABINOSE 
| ADONIT 

| BRYTHROL 


| 1ISODULCIT 


2/2 
A z 
zig 
i) 

B\§ 
=| < 


| 


| SUCROSE 
| DEXTRIN 


| INULIN 


| LEVULOSE 


BALICIN 


. Bact. suisepticum (no. 1) |+ 
. Bact. bovisepticum (Baker) .|+ 
. Bact. avisepticum (J2) + 
+ 
I+ 
\+ 


+ 
| 
1 | 


he 
| 


+ 
| 
| 


. Bact. avisepticum (Jl). 
. Bact. Kdlberpasteurella (A). 
. Bact. Kdlberpasteurella (B). 
7. Bact. Renntierpasteurella 
(A) +|- 
. Bact. Renntierpasteurella 
(B) i+i— 
. Bact. Renntierpasteurella | | 
ese + 
. Bact. septicemia hemorrha- 
gica (bovine) , tT1-|- | tIit+/]-/- 


7 


+++4+4++4 
+++4+4+4 
++++4++4 
+++ 
. Fe 

| 


+| 
+> 


+ 


+ 


recovery from rabbit 
3. Bact. avisepticum (J2) .. ms Dame ik at Mime ‘Wee fal al ie ee 
5. Bact. Kdlberpasteurella (A).|+|+|/+/+|—|—|+|+\-—/4+ 





+ Acid production. 
+ Slow and weak acid production. 
— No acid production. 


cultures were made in agar plates, litmus milk, and lactose 
bouillon fermentation tubes. No indication of contamination 
was apparent in these cultures nor was any found by micro- 
scopic examination. The action of these two cultures upon the 
carbohydrates after recovery from the rabbit is recorded at the 
bottom of table 4. 
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All ten cultures produced indol and phenol in sugar free in- 
fusion bouillon. The organisms gave a scant growth in 1 per 
cent peptone solution, but it was insufficient for a positive test 
for indol, phenol, or ammonia. However, the growth in the 
peptone solution was sufficient to demonstrate the reduction 
of nitrates. 

Gelatin was not liquefied by any of the cultures within thirty 
days at 20°C. Gelatin cultures, after being incubated at 37°C. 
for thirty days, solidified on cooling. 

. Litmus milk and plain milk were apparently unchanged by 
any of the cultures. Titrations, however, show that the two lac- 
tose fermenting cultures (Bact. Kdlberpasteurella A-B) produced 
a small but distinct increase in acidity. The probable reason 
why apparent changes are not produced in milk is the poor 
growth in any medium having a high acid reaction. Difficulty 
was encountered in obtaining growth in bouillon when the 
acidity was 0.7 or 0.8 (Fuller’s scale). The normal reaction of 
even very fresh milk exceeds this. 

At the beginning of this work, each of the ten cultures was 
inoculated into glucose, lactose, sucrose, and mannite bouillons 
in Smith fermentation tubes. No gas was produced in any 
case. It was assumed from this and from the records of pre- 
vious investigations that gas was not produced in these carbo- 
hydrates. The titrations here recorded were not made from 
fermentation tubes. 

Sorbit could not be obtained. Some of the other chemicals, 
as dulcit, were so expensive that very few titrations were made 
with them (see table 3). 

Table 4 gives a summary of the action of the cultures upon the 
various carbohydrates. 

In general, the results of this investigation correspond to 
those of Magnusson. Magnusson, however, reports acid fer- 
mentation of lactose by Bact. Renntierpasteurella, Bact. bovisepti- 
cum, and Bact. avisepticum, while in this investigation Bact. 
Kdilberpasteurella only produced acid from lactose. Bact. Kédlber- 
pasteurella and Bact. Renntierpasteurella were received from 
Magnusson. 
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The results here reported show very marked uniformity in 
the biochemical action of all cultures studied, while M’Gowan 
and Wang found wide variations in cultures isolated from differ- 
ent sources. In this investigation no attempt was made to 
increase the virulence of the cultures, therefore no direct com- 
parison can be made in this regard. 

Table 4 shows acid production from xylose by all cultures 
studied. My results here differ from those of Magnusson and 
Vourloud. In this study it was found that xylose greatly in- 
creased the acidity of bouillon on sterilization, and the cultures 
would not grow in this acid bouillon. If the initial reaction of 
the bouillon was such that the final acidity was not too high, 
the cultures grew and produced acid. From this it seems possi- 
ble that differences in technique may account for different re- 
sults with xylose. 

The chief differences in the cultures studied are in the fer- 
mentation of lactose and raffinose by the two cultures of Bact. 
Kdlberpasteurella received from Magnusson and the fermentation 
of arabinose and dulcit by Bact. avisepticum (J2). Since these 
differences persist after recovery from a rabbit, it is improbable 
that the cultures were contaminated. Furthermore, the work was 
repeated, where differences were found, after the cultures had 
been plated and recovered from the plates. The second results 
agreed with the first, and cultural and microscopic examination 
did not disclose contamination. 

The tubes incubated for thirty days gave variable results. 
That is, the duplicates sometimes showed extremely different 
degrees of acidity or alkalinity. In some instances, the pro- 
duction of acid was marked after thirty days and not at fifteen 
days. Since the plugs of the tubes incubated thirty days were 
paraffined while the others were not, the difference in the inter- 
change of air may have modified the action of the organisms. 
Except in the case of the action of the cu!tures of Bact. Kalber- 
pasteurella on raffinose, nearly the maximum acidity was pro- 
duced within two days. For these reasons, the titrations made 
after thirty days incubation were considered unreliable, and, 
therefore, if an increase in acidity was not found within fifteen 
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days, the organism was recorded in table 4, as not fermenting 
the carbohydrate used in the test. 

The results of this work show some discrepancies with the 
findings of previous investigators. These variations may be 
accounted for by differences in technique or by slight variations 
in the cultures, caused possibly by different methods of culturing. 

The most striking feature brought out by the study of these 
organisms is that there is a much greater uniformity between 
the members of this group in their biochemical properties than 
has been noted in the study of some other groups of bacteria. 
There seems to be no biochemical basis for designating by differ- 
ent names the five nembers of this group which were studied. 


CONCLUSIONS 


1. The members of the septicemia hemorrhagica group studied 
were practically uniform in their biochemical actions. 

2. The passing of an organism through a rabbit did not change 
its biochemical characters, except to a very slight degree. 


The author wishes to acknowledge the assistance of Dr. C. P. 
Fitch, of the New York State Veterinary College, in suggesting 
this study and in giving advice in carrying out the investigation. 
This investigation is a continuation of the work of Dr. Fitch, 
reported in Report of New York State Veterinary College of 
1913-1914. 
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In a recent publication (1916) on the bacterial flora of the 
normal udder it was shown that a variety of Bact. abortus named 
lipolyticus is common in freshly drawn milk. This variety is 
characterized by the property of hydrolyzing butterfat with 
the consequent formation of fatty acids. . 

The greatest number of Bact. abortus var. lipolyticus per cubic 
centimeter of freshly drawn milk reported in that paper was 
50,000. The largest percentage of samples plated from one 
dairy in which this organism and related strains were found 
was 51. The statement was made that the figures given in the 
table showing the frequency of Bact. abortus in freshly drawn 
milk were undoubtedly far below the actual numbers present 
in the milk, because the methods by which Bact. abortus could 
be demonstrated were developed gradually as the work pro- 
gressed, and were poorly adapted to the growth of these organ- 
isms in the early part of the study. 

A few weeks ago twenty-three samples of milk were obtained 
from a dairy farm, and were plated for Bact. abortus. It was the 
same dairy farm from which the samples were obtained which 
in the earlier study showed Bact. abortus in 51 per cent of cases. 
The methods of plating and subculturing were practically the 
same as described in the earlier paper, but a more mature experi- 
ence in recognizing colonies on the plates and in coaxing unwill- 
ing subcultures to grow revealed much larger numbers of Bact. 
abortus in the milk than were previously reported. 

Bact. abortus colonies developed in seventeen, Or 73.9 per cent 
of the twenty-three samples of milk plated. In the milk from 


1 Published by permission of the Secretary of Agriculture 
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one cow there were 112,000 of these organisms per cubic centi- 
meter. If the milk from the 23 cows had been mixed, it would 
have contained approximately 7000 Bact. abortus per cubic centi- 
meter, and this form would have made up about 28 per cent of 
the total number of bacteria. Cultures from eleven of the 
samples were studied in detail, and it was found that nine of 
them were Bact. abortus var. lipolyticus, and two resembled the 
cultures from pathological material. 

In all probability these high figures fall short of the actual 
numbers that were present in the milk, for it is a peculiarity of 
the lipolyticus variety of Bact. abortus that it frequently does not 
grow under conditions which are apparently the same as those 
under which in another set of plates its development is good. 

The sanitary significance of such large numbers of Bact. abortus 
var. lipolyticus in milk is not known, and it is not the purpose of 
this paper to discuss this question, but to call attention to the 
fact that there are in milk large numbers of a type of bacteria 
which do not grow when the milk is plated in the manner practiced 
in board of health and other laboratories, and which have not 
been considered in the problem of a pure milk supply. 

In the earlier paper it was shown that the fat decomposing 
variety of Bact. abortus will multiply in milk when kept under the 
conditions to which it is ordinarily subjected in the home before 
it is consumed, and that the butyric acid formed from the hydro- 
lyzed fat will produce a disagreeable flavor and odorin cream 
within twenty-four hours, if the initial contamination is high. 
An initial contamination of 7000 per cubic centimeter is deserving 
of consideration if an appetizing milk or cream is desired a day 
or two after it is drawn from the udder. 

The thermal death point of Bact. abortus is of interest in this 
connection. Tests have been made, and it has been found that 
a temperature of 52°C. (125° F.) for thirty minutes, or 63°C. 
(145° F.) for thirty seconds will kill both the pathogenic and 
lipolytic varieties in milk cultures. They are therefore readily 
destroyed by the heat of ordinary pasteurization. 
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In a previous paper by the author (Sears, 1916) a brief series 
of experiments was described which indicated that a number of 
bacteria are capable of forming in peptone solutions containing 
glucose a substance or substances giving Jaffe’s creatinine re- 
action and susceptible of accurate measurement in terms of 
creatinine by the colorimetric method of Folin (1914). The 
results of these experiments showed an interesting difference be- 
tween the cultures of B. coli and B. typhi. These organisms were 
therefore made the object of the further experiments with which 
the present paper deals. 

A number of strains of B. coli and of B. typhi were employed 
in making the tests, and, as the accompanying table shows, the 
quantitative as well as the qualitative results were entirely 
consistent. In sugar-free peptone solutions none of the strains 
of either organism produced a substance giving Jaffe’s reaction. 

The arrangement of the tests was the same as that described 
in the author’s paper already cited and consisted in inoculating 
a number of flasks containing 750 cc. of a 2 per cent peptone 
solution (Witte’s), to which approximately 1 per cent glucose 
had been added, with different strains of the two organisms in 
question. The flasks were incubated at 37°C. and samples 
withdrawn at intervals and analysed as indicated. An excess of 
calcium carbonate (5 grams) was placed in each flask. 

In order to relate, if possible, the production of creatinine 
with the disappearance of sugar, or with acidity, the glucose 
and acidity were determined in each sample. Benedict’s method 
was used for the former and the usual media titration method 
for the latter. 
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It was found that when calcium carbonate was omitted from 
the flasks the creatinine formation by B. typhi was always very 
slight, rarely reaching a measurable quantity.' It is probable, 
however, that this was due to the prompt inhibition of growth 
and not directly to the acidity itself since the value of the latter 
in the cultures containing calcium carbonate remained at a point 
little, if any, below the maximum value attained by the cultures 
not containing calcium carbonate. This maintenance of a 
high acidity in the presence of calcium carbonate has been 
also observed by Glenn (1911). 
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B. typhi | | L, | 

Hopkins. .|3.5)5.1/4.0)4.6)4.2/4.2) 138) 222/266] 458]458/458|2.4/2.6)2.4|2.3]1.9)1.9 
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B. coli N....| | 1009) | | | |1-2)1.1)0.9}0.011.00.5 





























The qualitative results of these experiments with B. coli and 
B. typhi are directly the opposite of those obtained by Zinno 
(1893) and Antonoff (1906) using sugar-free 2 per cent peptone 
solutions. Both of these investigators reported the presence 
of creatinine in B. coli cultures on this medium while the cul- 
tures of B. typhi were free from this compound. Both used 
Weyl’s and Salkowski’s tests. In the hands of the author neither 
of these tests has given consistent results, cultures of different 
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strains of the same organisms reacting differently toward them. 
In view of the well established fact that a large number of sub- 
stances besides creatinine are capable of giving positive results 
with these tests (Weyl, 1878, Guareschi, 1888), it is believed 
that they are worthless for this purpose. Zinno, however, 
claimed to have proved the presence of creatinine in B. coli 
cultures by preparing crystals of creatinine-zinc chloride from 
them. 

German (1912) also reported the formation of creatinine by 
B. coli grown in 2 per cent peptone solutions. Fitzgerald and 
Schmidt (1912) were unable to substantiate his findings. 

The evidence that the compound present in glucose-peptone 
cultures of B. typhi giving Jaffe’s reaction is creatinine is as yet 
purely circumstantial. All attempts to prepare the substance 
in a pure state have failed. The color produced on treatment 
of the culture with picric acid and sodium hydroxide matches 
exactly that produced on treating the creatinine-zince chloride 
standard with the same reagent. Glucose is ruled out as an 
interfering substance by careful controls, and it is evident from 


the data given that the acids produced are not responsible for 
the color reaction. Inthe absence of direct proof to the contrary, 
therefore, I believe that it may be stated with a fair degree of 
certainty that creatinine production in glucose-peptone cul- 
tures is a constant quality of B. typhi, and that B. coli always 
fails to produce creatinine, in appreciable quantities, in the same 
medium. 
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